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FOREWORD 

, 

This  document  is  the second of a s e r i e s  of publica- 

t ions f o r  descr ib ing ,  in  considerable  detai l ,  the var ious  

scient i f ic  i n s t rumen t s  tha t  can be used fo r  l una r  explora-  

tion. P a r t  A, EPD-472,  d i scussed  those  scient i f ic  i n s t r u -  

m e n t s  that  could be used f rom an  unmanned luna r  o r b i t e r .  

Part B, th i s  document,  d i scusses  sc ien t i f ic  i n s t rumen t s  

f o r  Su rveyor s ,  Roving Vehicles,  and Rough-Landed P r o b e s .  

P a r t  C d i s c u s s e s  sc ien t i f ic  ins t ruments  f o r  the manned 

phase  of lunar  explorat ion.  



ASD 760-3  

ACKNOWLEDGMENT 

The  a s s i s t ance  of  the following Space Sciences Division 

engineers  and sc ien t i s t s  in  prepar ing  th i s  document  is 

g rat e f ully ac  know led g ed . 

J .  A. Dunne 

E. Franzgro te  

C. E. Giffin 

G. M. Hotz 

A. Loomis 

W.  S. McDonald 

A.  E. Metzger 

J .  J .  Rennilson 

F. I. Roberson 

E. J .  Smith 

C. W. Snyder 

R. E. Steinbacher 

: i v  - 



. ASD 760-3 . CONTENTS 

I . INTRODUCTION . . . . . . . . . . . . . . . . . . . . .  

I1 . MISSION DEFINITION . . . . . . . . . . . . . . . . . .  
A . GENERAL . . . . . . . . . . . . . . . . . . . . . .  
B . RATIONALE . . . . . . . . . . . . . . . . . . . .  

111 . SURVEYOR . . . . . . . . . . . . . . . . . . . . . . .  
A . GENERAL . . . . . . . . . . . . . . . . . . . . .  
B . SCIENT IFIC INSTRUMENTS . . . . . . . . . . . . .  

1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 

10 . 
11 . 
12 . 
13 . 
14 . 
15 . 
16 . 
17 . 
18 . 
19 . 
20 . 
21 . 
3 7  
L.L. 

2 3  . 

Approach C a m e r a  . . . . . . . . . . . . . . . .  
S u r v e y c a m e r a  . . . . . . . . . . . . . . . . .  
Alpha Scat ter ing . . . . . . . . . . . . . . . .  
Mic r o m e  t e  o r i te  E j e c ta . . . . . . . . . . . . .  
Single -Axis Se i smomete r  . . . . . . . . . . . .  
Touchdown Dynamics  . . . . . . . . . . . . . .  
Soil  Mechanics  . . . . . . . . . . . . . . . . .  
Surface  Sample r  . . . . . . . . . . . . . . . .  
Lunar  Dr i l l /Sample r  . . . . . . . . . . . . . .  
Sample  P r o c e s s o r / T  ranspor t  . . . . . . . . . .  
X-ray  Dif f rac tometer  . . . . . . . . . . . . . .  
X-ray  Spec t romete r  . . . . . . . . . . . . . . .  
Pe t rog raph ic  Mic ro  s cope 

Gas  Chromatograph  . . . . . . . . . . . . . . .  
Subsurface  P r o b e  . . . . . . . . . . . . . . . .  
Facs imi l e  C a m e r a  . . . . . . . . . . . . . . .  
P a s s i v e  Se i smic  . . . . . . . . . . . . . . . .  
Lunar  Atmosphere  Exper iment  . . . . . . . . . .  
Magnetometer  . . . . . . . . . . . . . . . . .  
S o l a r - P l a s m a  Spec t rometer  . . . . . . . . . . .  
AC E l e c t r i c  and Magnetic F ie lds  

Ranging Exper iment  . . . . . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . .  

D o s i m e t e r  . . . . . . . . . . . . . . . . . . .  

Page  

1 i 

2 

2 

3 

5 

5 

10 

10 

12 

14 

16 

1 7  

18 

19 

20  

21 

22 

23 

24 

26 

27 

29 
31 

33 

3 4  

36 
38 
40 

41 

42 

- v -  



ASD 760-3 

CONTENTS (Continued ) 

P a g e  

IV . LUNAR ROVING VEHICLE . . . . . . . . . . . . . . . . .  44 

. . . . . . . . . . . . . . . . . . . . . .  A GENERAL 44 
B . SLRV SCIENCE . . . . . . . . . . . . . . . . . . .  46 

1 . Photo-Imaging . . . . . . . . . . . . . . . . . .  46 

2 . G e o s a m p l e r / T r a n s p o r t e r  . . . . . . . . . . . . . .  47 

3 . Combinat ion X - r a y  Dif f rac tometer  and 

Combinat ion X - r a y  Spec t romete r  and Alpha- 

S p e c t r o m e t e r  . . . . . . . . . . . . . . . . . .  48 

Sca t te r ing  . . . . . . . . . . . . . . . . . . . .  49 
4 . 
5 . X - r a y  Spec t roscopy . . . . . . . . . . . . . . . .  51 

C . OTHER MISSIONS FOR SLRV . . . . . . . . . . . . .  52 

D . INTEGRATED OR KING-SIZE ROVER . . . . . . . . .  54  

V . ROUGH-LANDED PROBES . . . . . . . . . . . . . . . . .  58 

A . GENERAL . . . . . . . . . . . . . . . . . . . . .  58 

B . SCIENTIFIC INSTRUMENTS . . . . . . . . . . . . . .  58 

1 . Facsimile C a m e r a  . . . . . . . . . . . . . . . . .  58 

2 . Hard-Rock D r i l l  . . . . . . . . . . . . . . . . . .  60 

3 Sample  P r o c e s s o r  / T r a n s p o r t e r  60 . . . . . . . . . . . .  
. . . . . . . . . . . . . . .  4 . X - r a y  Dif f rac tometer  60 

5 . X - r a y  Spec t romete r  . . . . . . . . . . . . . . . .  60 

6 . Pe t rog raph ic  Microscope . . . . . . . . . . . . .  60 

. . . . . . . . . . . . . . . . .  7 G a s  Chromatograph 60 

. vi . 



ASD 760-3 

! 

ILLUSTRATIONS 

F igure  
I 

I 1 

1. 

2. 

3 .  

4. 

5. 

6. 

7. 

Page  

. . . . . . . . . . . .  Approach C a m e r a  Resolution. 11 

TABLES 

. . . . . . . . . . . . . .  Surveyor  Science,  L is t  I .  7 

. . . . . . . . . . . . . .  Surveyor  Science,  L is t  I1 8 

. . . . . . . . . . . . . .  Surveyor  Science,  L is t  111 9 

. . . . . . . . . . . . . .  Range of the Ins t rument  15 

Typical  SLRV Science for Geological Reconnaissance . . 45 

Integrated Rover Science for Geological 
. . . . . . . . . . . . . . . . .  Reconnaissance 55 

. . . . . . . . . . . . .  Rough- Landed P robe  Science 59 

- vii - 



ASD 7 6 0 - 3  

SECTION I 

INTRODUCTION 

The  sc ien t i f ic  object ives ,  o r  goals-of-science,  of ou r  unmanned luna r  p r o -  

g r a m  can  be synthesized f r o m , o u r  present  knowledge of the Moon, as der ived  

f r o m  the r e s e a r c h  of s e v e r a l  scient i f ic  discipl ines .  

be broad i n  scope,  not re la ted  to a pa r t i cu la r  spacec ra f t  o r  exper iment ,  but 

r a t h e r  encompassing discipl ines  and exper iments  to  r e l a t e  p rob lems  funda-  

men ta l  to an  understanding of the nature  and or ig in  of the Earth-Moon s y s t e m ,  

the s o l a r  sys t em,  and the universe  itself. 

sc ience  f o r  the luna r  p r o g r a m  have been a t t e s t ed  and its p r io r i t i e s  es tab l i shed ,  

expe r imen t s  can  be devised to  s a t i s f y  these object ives ,  and the va r ious  e x p e r i -  

men t s ,  in  t u rn ,  c a n  be re la ted  to  par t icu lar  spacec ra f t  and miss ion  p ro f i l e s .  

Ideally,  such  goals  should 

Once these  all-inclusive goa ls  of 

The Space Science Board of t h e  National Academy of Sciences (Ref.  1 )  h a s  

defined these  goals f o r  lunar  r e s e a r c h  in terms of t h r e e  ca tegor ies  of bas i c  

p rob lems  concerning the Moon. 

o ra t ed  by defining a number  of basic questions tha t  should be answered  in  a 

t o t a l  p r o g r a m  of luna r  exploration. 

p a s s  v i r tua l ly  all p rob lems  of lunar  r e s e a r c h  and should be se r ious ly  cons idered  

in de te rmining  the object ives  of lunar  exploration. Obviously, however ,  no one 

manned o r  unmanned p r o g r a m  can  answer all of these  basic  scient i f ic  ques t ions  

about the Moon. 

o r a t o r y  s tudies ,  as well  a s  lunar  impacters ,  o r b i t e r s ,  hard landers ,  so f t  l a n d e r s ,  

and manned m i s  s ions.  

These  th ree  ca t egor i e s  have been f u r t h e r  e lab-  

The Space  Science Board Quest ions encom-  

Thus,  the total  p rogram f o r  lunar  r e s e a r c h  m u s t  involve lab-  

The  Office of Advanced Studies at the J e t  Propuls ion  Labora to ry  h a s  been 

asked  by NASA Headquar te rs ,  Office of Lunar  and P lane ta ry  P r o g r a m s ,  t o  d e t e r -  

m i n e  the m o s t  effective scient i f ic  manner i n  which all of the requi red  objec t ives  

f o r  l u n a r  explorat ion can be accomplished, and to de r ive  a to ta l  explorat ion p r o -  

g r a m  i n  t e r m s  of a mix  of specif ic  projects  and mis s ions .  One p a r t  of the above 

t a s k  involves  the  der iva t ion  of an extended list of scient i f ic  i n s t rumen t s  and 

objec t ives  tha t  m-ay be applied 2s  a solution tn the Space Science Bcarc! Quest ions.  
T h e  pu rpose  of th i s  document i s  to  derive such  a list f o r  Surveyors ,  Roving 

Vehic les ,  and Rough-Landed P robes .  

- 1 -  
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SECTION I1 

MISSION D E  FINIT ION 

I A.  GENERAL 

The geology of the E a r t h  h a s  been synthesized f r o m  a prodigious amount  

of da t a  that was contributed f r o m  many observat ions and scient i f ic  d i sc ip l ines  
I 
1 

and acquired ove r  a t ime  span  of s eve ra l  decades .  

suppose that  knowledge about l una r  geology, tha t  i s ,  knowledge of the s t r u c t u r e  

and p r o c e s s e s  of the lunar  i n t e r io r ,  of the composition, s t r u c t u r e  and p r o c e s s e s  

of the lunar  sur face ,  and of the  h i s to ry  of the  Moon, will  be unfolded in the s a m e  

way. T r u e ,  ou r  working hypotheses have ma tu red  through exper ience  and we 

have the t e r r e s t r i a l  s p h e r e  as an access ib le  geological example,  but the t r u e  

p i c tu re  of lunar  geology can  only be formed f r o m  acqui red  da ta .  As an  example,  

f o r  the E a r t h  in te rna l  f o r c e s  connected with d i a s t roph i sm and epeirogenic  p r o -  

c e s s e s  slowly uplift o r  d e p r e s s  l a rge  segments  of the c r u s t  to f o r m  mountains  

and o the r  construct ional  land f o r m s ,  whereas  the f o r c e s  of weather ing and e r o -  

s ion ope ra t e  to scu lp ture  and ul t imately des t roy  the elevated region. 

trial su r face  f e a t u r e s  a r e  thus seen  to  be the net  effect  of i n t e rna l  f o r c e s  of con-  

s t ruc t ion  and ex te rna l  f o r c e s  of weathering and eros ion .  This  in format ion  c a n  

be applied to  the Moon a s  a working hypothesis;  however,  its proof will  depend 

on a va r i e ty  of lunar  scient i f ic  observat ions.  

thing as the composition of the Moon cannot be de te rmined  by a few point m e a -  

s u r e m e n t s  of e lementa l  composition, but r a t h e r  will  r equ i r e  a t  the ve ry  l e a s t  a 

syn thes i s  of da t a  involving many measu remen t s  of lunar  mineralogy and petrology 

f r o m  s a m p l e s  acqui red  f r o m  a number  of a r e a s .  

t iona l  da t a  wil l  be the m o s t  meaningful when cons idered  i n  conjunction with d a t a  

on the i n t e r n a l  s t r u c t u r e  of the Moon, which incidentally will  r equ i r e  ca r ry ing  

out s e l e c t  sc ien t i f ic  observa t ions ,  not only a t  d i spe r sed  geographic  locations 

but a l s o  o v e r  extended t i m e  per iods .  

T h e r e  i s  e v e r y  r e a s o n  to  

1 
~ 

T e r r e s -  

Even such an  apparent ly  s imple  

Also, th i s  s u r f a c e  composi-  

The  point made  above is :  a few simple mis s ions  a r e  not going to  unfold the 

s t o r y  of l u n a r  geology o r  answer  the questions about the fi.4~0:: posed by the Space 

Sc ience  Board.  Also,  it should be apparent that  t o  answer  the fundamental  ques -  

t i ons  r ega rd ing  the cosmogonic significance of  the Moon is  going t o  r equ i r e  a 

- 2 -  
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good understanding of l una r  geology. 

in tegra ted  luna r  explorat ion p r o g r a m  which wi l l  exploit  fully the  c h a r a c t e r i s t i c s  

of a p a r t i c u l a r  mi s s ion  t o  acqu i r e  per t inent  l u n a r  d a t a  at min imum cost .  

Al l  this sugges t s  the  impor tance  of an  

B. RATIONALE 

Unmanned luna r  su r face  vehicles  such as Surveyor s ,  Rovers ,  and P r o b e s  

can  be ins t rumented  to  make  a significant contribution in  a p r o g r a m  of lunar  

explorat ion.  

all the  p r o b l e m s  apparent  i n  the  lunar  program, they do p resen t ,  when used in  

conjunction with unmanned lunar  o r b i t e r s ,  a re la t ive ly  low c o s t  l ow- r i sk  high- 

r e t u r n  technique f o r  l una r  explorat ion,  

Although the  u s e  of these  vehicles is not a complete  panacea f o r  

The  m i s s i o n  rat ionale  presented  here is  to  u s e  a soft-landed spacec ra f t  as 

a bas ic  bus i n  the t a sk  of unmanned lunar  su r face  exploration. 

would accommodate  i t s  own complement  of sc ien t i f ic  i n s t rumen t s  o r  be used t o  

d e l i v e r  a Lunar  Roving Vehicle to  the Moon. 

This  basic  bus 

At the  p r e s e n t  s tage  of o u r  planning f o r  a luna r  explorat ion p r o g r a m  the 

m o s t  logical  choice f o r  a bas ic  bus i s  Surveyor .  

t o  land and ope ra t e  on the  luna r  su r face  h a s  a l r eady  been demonst ra ted .  I t  is  a 

v e r s a t i l e  s p a c e c r a f t  tha t  is able  to accommodate a broad s p e c t r u m  of lunar  s c i -  

ent i f ic  i n s t r u m e n t s  and is  adaptive to  seve ra l  different  types of mis s ions  which 

m a y  be impor t an t  in  a p r o g r a m  of lunar  exploration. F o r  example,  with p r o p e r  

suppor t  f r o m  a lunar  o r b i t e r  communication r e l ay  link, Surveyor  can  be used 

f o r  a Moon backside mis s ion  o r  a mission out of the so-ca l led  Apollo zone which 

c a n  even  include the h a r d - t o - r e a c h  lunar p o l a r  regions.  

The capabi l i ty  of th i s  vehicle 

T h e  Surveyor  spacec ra f t  can  be considered to  be composed of two m a j o r  

i t e m s ,  viz .  , the  basic  bus and the payload. The basic  bus furn ishes  a l l  the sub-  

s y s t e m s  and functions requi red  f o r  t ranspor t ,  maintenance,  and off-loading o r  

ope ra t ion  of the payload on the lunar  surface,  and wil l  not be d iscussed  in de ta i l  

h e r e .  T h e  nominal  injected g r o s s  we igh t  of the so-cal led Block I Surveyor  space -  

craft is about  2200 pounds, which includes a basic  bus weight of about 700 pounds, 

about  1435 pounds of propel lants ,  and 65 pounds of payload. 

are expected te hzve  an  injected g r o s s  weight of up t o  2800 pounds which wil l  

a l low d e l i v e r y  of approximately 200 pounds of scient i f ic  payload to  the lunar  s u r -  

face. 

Follow-on Surveyor s  

- 3 -  
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The scient i f ic  i n s t rumen t s  fo r  a Surveyor  miss ion  a r e  d i scussed  in  

Section 111. 

The Lunar  Roving Vehicle i s  h e r e  defined as a lightweight, self -contained 

mobile vehicle that  i s  capable of ranging u p  t o  40 km o v e r  the  lunar  su r face .  The  

vehicle weight and s ize  are expected to  be compatible with the capabi l i t ies  of the 

Surveyor  spacec ra f t  and the manned Apollo Lunar  Module. A s  indicated e a r l i e r ,  

the  to ta l  payload capabili ty of the follow-on 2800-pound Surveyor  is  expected to  

be about 200 pounds; however, basic  support  and engineer ing equipment on the 

Surveyor  bus,  such as the Roving Vehicle off-loading mechanism,  a r e  expected 

to  reduce the total  weight avai lable  for  the Rover .  

veyor  Lunar  Roving Vehicle (SLRV) w i l l  weigh about 175 pounds and c a r r y  p e r -  

haps 35 pounds of science payload. 

Vehicle Miss ion  a r e  d iscussed  in Section IV. 

This  sugges ts  that  the S u r -  

The  scient i f ic  i n s t rumen t s  for  a Roving 

When Surveyor s  are launched into rough a r e a s  on the Moon (as is d e s i r -  

ab le  to  supplement  manned explorat ion without adding to its h a z a r d s )  it may  be 

worthwhile t o  package the ins t ruments  in such  a way that  they can surv ive  top- 

pling o r  even  destruct ion of the basic bus upon landing. 

ta t ion  would be in the s a m e  ca tegory  as that f o r m e r l y  proposed f o r  the  Apollo- 

based rough-landed Lunar  Survey P r o b e  concept. F o r  e i t h e r  de l ivery  mode,  the 

i n s t r u m e n t s  appropr ia te  to  the experimental  objectives cons idered  h e r e  a r e  d i s  - 
c u s s e d  i n  Sect ion V.  

Such rugged in s t rumen-  

- 4 -  
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A. 

SECTION 111 

SURVEYOR 

G E N E R A L  

In the following pages a number  of scient i f ic  i n s t rumen t s  tha t  can  be 

accommodated on a Surveyor  spacec ra f t  a r e  d i scussed  in  cons ide rab le  de ta i l .  

The  in s t rumen t s  are classif ied into three  lists which r e l a t e  a p a r t i c u l a r  S u r -  

veyor  m i s s i o n  and i t s  scient i f ic  objectives with possible  scient i f ic  i n s t r u m e n t s .  

List I (Table  1) includes those scient i f ic  i n s t rumen t s  tha t  have been designed 

fo r  the  Block I Surveyor  miss ion .  The  miss ion  object ives  h e r e  are as follows: 

(1) Develop lunar  soft landing technology and d e m o n s t r a t e  bas i c  

techniques to  be u s e d  l a t e r  f o r  manned landings.  

Survey  a number  of potential  Apollo landing s i t e s  t o  d e t e r m i n e  

t h e i r  sui tabi l i ty  f o r  manned landings. 

Make m e a s u r e m e n t s  of lunar- s u r f a c e  c h a r a c t e r i s t i c s  to  im- 

prove  o u r  understanding of the na tu re  of the Moon. 

( 2 )  

( 3 )  

L i s t  I, scient i f ic  i n s t rumen t s ,  as d i scussed  in  the text, are: ( 1 )  approach  

c a m e r a ,  (2 )  su rvey  c a m e r a ,  ( 3 )  a lpha  sca t te r ing ,  (4) micrometeo r i t e  e j e c t a  

(5)  s ing le-ax is  s e i s m o m e t e r ,  (6)  touchdown dynamics ,  ( 7 )  so i l  mechanics ,  and 

(8) s u r f a c e  s a m p l e r .  

L i s t  I1 (Table  2 )  includes those  scientific i n s t rumen t s  that  wil l  m o s t  d i r ec t ly  

The mis s ion  object ives  h e r e  l a rge ly  contr ibute  t o  o u r  knowledge of lunar  geology. 

r e l a t e  t o  the  Space Science Board Questions regard ing  the  composi t ion,  s t r u c -  

t u r e ,  and p r o c e s s e s  of the lunar  surface,  although the expe r imen t  package could 

be  expec ted  to  provide s o m e  information regard ing  the h i s to ry  of the Moon. L i s t  

I1 sc i en t i f i c  i n s t rumen t s ,  as d i scussed  in the text,  a r e :  (8) s u r f a c e  s a m p l e r ,  

(9)  d r i l l ,  (10)  p r o c e s s o r ,  (11) X-ray  d i f f rac tometer ,  (12 )  X - r a y  s p e c t r o m e t e r ,  

(13)  pe t rog raph ic  microscope ,  (14) gas  chromatograph ,  (15 )  subsu r face  probe ,  

arid (16) facsirniIe  caxxera.  

- 5 -  
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L i s t  I11 (Table  3 )  includes those scientific i n s t rumen t s  that  will  cont r ibu te  

The m i s s i o n  object ives  h e r e  l a rge ly  re -  to  ou r  knowledge of lunar  geophysics.  

late to t h e  Space Science Board Questions r ega rd ing  the s t ruc tu re  and p r o c e s s e s  

of the lunar  i n t e r i o r .  

i n s t rumen t s  ove r  a n  extended per iod of t ime, s a y  at l e a s t  one lunation. 

scient i f ic  i n s t rumen t s ,  as d iscussed  i n  the text ,  are: (16) facs imi le  c a m e r a ,  

(17) pass ive  s e i s m i c ,  (18) a tmosphe re  expe r imen te r  (19) magnetometer ,  (20 )  

s o l a r  p l a s m a  s p e c t r o m e t e r  ( 2  1 )  e l e c t r i c  and magnet ic  fields,  ( 2 2 )  ranging, and 

(23) d o s i m e t e r .  

It should be noted that it is  des i r ab le  to  opera te  these  

L i s t  I11 
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B. SCIENTIFIC INSTRUMENTS 

1 .  Approach C a m e r a  ~- 

This  te levis ion s y s t e m  was originally designed f o r  the Surveyor  s p a c e -  

c ra f t  to  provide p i c tu re s  of the lunar  sur face  during the approach-descent  p h a s e  

of the landing operat ion.  

about 1000 m i l e s  above the  lunar  s u r f a c e ,  o r  shor t ly  a f t e r  the s t a r t  of the s p a c e -  

c ra f t  t e r m i n a l  maneuver ,  down to about 80 miles above the  s u r f a c e ,  o r  i m m e d i -  

a te ly  p r i o r  to  main r e t r o  ignition. 

u r e  and t r a n s m i s s i o n  of some  50 pictures .  

In the suggested m i s s i o n  prof i le  it is opera ted  f r o m  

Th i s  time in t e rva l  is suff ic ient  f o r  the  expos -  

(See F igu re  1. ) 

The specif ic  object ives  of the approach-descent  p i c tu re s  f o r  a Surveyor  

mis s ion  a r e  as follows: 

Identify the landing point i n  lunar coord ina tes ,  and c o r r e l a t e  

th i s  da t a  with existing information, maps ,  and photographs of 

the moon; 

Relate ,  i n so fa r  as possible ,  the  landing point to known pos i -  

t ional  f ea tu re s  observed i n  the approach-descent  photographs; 

P rov ide  a gene ra l  concept of t he  topography and geology in  the 

vicinity of the landing s i t e ;  

Relate  the d i f f e ren t i a l  photometr ic  information f r o m  the approach-  

t e  r r e s  t ia l ly  obtained descent  photographs with present  and fu ture  

info r mat ion ; 

Prov ide  information on the  re la t ion  between 

s u r e m e n t s ,  object s ize ,  and r ange ;  

Reveal  de t a i l s  and extend measu remen t s  of 

photometr ic  mea- 

una r  s u r f a c e  relief 

and photometry by taking p ic tures  as c lose  to  the  luna r  s u r f a c e  

as the spacec ra f t  landing sequence p e r m i t s ;  

Aid in optimizing the sequence and in te rpre ta t ion  of the s u r v e y  

p ic tures .  

- 10 - 
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The  ini t ia l  field of view of the c a m e r a  s y s t e m  f r o m  an alt i tude of 1000 

m i l e s  above the lunar  sur face  i s  approximately 112 m i l e s  on each  s ide with a 

s u r f a c e  resolut ion capability of about 2620 feet .  

such  that  at ieasi 50 pei-ceiit of the luiiar surface 

a p p e a r s  in  the preceding p ic ture .  

t aken  f r o m  an  alt i tude of no g r e a t e r  than 80 mi l e s  is  approximately 9.  3 miles  on 

a s ide with a s u r f a c e  resolution capability of about 210 feet .  If p i c tu re s  can be 

taken  dur ing  the r e t r o  and p o s t - r e t r o  phases  of the descent ,  then the a r e a l  cov- 

e r a g e  and resolut ion will change proportionally.  

The  p i c tu re s  a r e  all overlapped 

p = r t r a * r - A  I " "  in - * -  each -- nirtllre r----- 

The final field of view of the lunar  su r face  

The  te lev is ion  c a m e r a  uses  a vidicon s e n s o r  and a 100-mm focal-length 

lens .  

dis t inguishing a t  l ea s t  eight J2 

l a m b e r t s .  

the  opt imum sensi t ivi ty  f o r  a lunar -scene  luminance f r o m  50 to  2600 f t - l amber t s .  

The  complete  sys t em including electronics  weighs 12 pounds. 

The s q u a r e  field of view is 6. 4 deg on a s ide.  The  s y s t e m  i s  capable of 

g r a y  levels a t  a highlight luminance of 800 f t -  

An i r i s  adjustment  p r i o r  to launch can  be used to  s e t  the c a m e r a  at 

Approach c a m e r a s  a r e  not planned fo r  the e a r l y  Surveyor  mis s ions .  

2. Su rvev  C a m e r a  

T h e  s u r v e y  c a m e r a s  a r e  designed to provide panoramic  photography of the 

l u n a r  t e r r a i n  vis ible  in  the immedia te  vicinity of the  spacecraf t ,  up to  and includ- 

ing the hor izon .  

1 mm next t o  the spacec ra f t  aqd a r e  cal ibrated f o r  photometr ic ,  co lo r ime t r i c ,  

and p o l a r i m e t r i c  measu remen t s .  

They a r e  capable of a maximum opt ical  resolut ion be t te r  than 

T h e  s u r v e y  photographs should d iscr imina te  between the observable  luna r  

s u r f a c e  uni t s  and p e r m i t  geologic c lassi f icat ion and co r re l a t ion  of the  units on 

t h e  b a s i s  of t h e i r  vis ible  p rope r t i e s  and also t h e i r  behavior  where  the su r face  

is d i s t u r b e d  by the landing gea r  and the su r face  s a m p l e r .  The  specif ic  objec- 

t i v e s  of the  s y s t e m  are as follows: 

(a) Provide ,  as the p r i m a r y  objective, panoramic  photographic 
information of the lunar  t e r r a i n  vis ible  i n  the immedia te  

. * 7 0  viLiLLAb> *i t  I of the spacecraf t ,  g p  t o  and including the local  horizon; 
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Prov ide  m e a s u r e m e n t s  of feature  s i ze ,  shape ,  and range,  

through photog r a m m e  t r y ; 

Prov ide  photometr ic ,  co lo r ime t r i c ,  and p o l a r i m e t r i c  mea- 

s u r e m e n t s  of se lec ted  regions of the vis ible  l u n a r  s u r f a c e ,  t o  

aid in different ia t ing the  observed f ea tu res ;  

P roduce  topographic  o r  form- l ine  mpas  of t he  obse rvab le  vicini ty  

of the spacecraf t ,  fo r  u se  in  geologic in t e rp re t a t ion  of the  

observed  f ea tu res  ; 

Accura te ly  locate  the spacecraf t  landing posi t ion on t h e  Moon 

by stellar posi t ion measu remen t s ;  

Observe  luna r  su r face  f ea tu res  a t  different  angles  of s o l a r  i l l um-  

ination to  a s s i s t  i n  differentiating and co r re l a t ing  the v i sua l  

information,  i n  identifying the luna r  su r face  f ea tu res ,  and in  

enhancing the a c c u r a c y  of the topographic  m e a s u r e m e n t s ;  

Observe  phenomena taking place on the su r face  of the Moon, 

such  as the  format ion  of new c r a t e r s  by m i c r o m e t e o r o i d s  and 

secondary  solid p a r t i c l e s ,  by success ive  observa t ions  of regions 

of the lunar  t e r r a i n  and coordination with the r e s u l t s  of o the r  

payload expe r imen t s ;  and, 

Monitor the opera t ion  of other scient i f ic  i n s t rumen t s .  

E a c h  survey  c a m e r a  is equipped w i t h  a var iab le  focal  length l ens  (25 t o  

100 m m )  tha t  can  be commanded t o  provide a 6. 4 x 6 . 4  deg min imum o r  a 25. 6 
x 2 5 . 6  deg  maximum field of view. In both wide- and na r row-ang le  modes ,  t he  

s y s t e m  is capable of 360-deg observat ion i n  azimuth and 20 deg above and 45 deg  

below the  horizontal  plane of the spacecraf t .  

( f / 4  to  f / 2 2 ) .  

f i l t e r s  into the opt ical  path on command f r o m  Ear th .  

a r e a  v is ib le  to two s u r v e y  c a m e r a s  c a n  be viewed s t e reoscop ica l ly  because  of  

s p a c e c r a f t  obs t ruc t ions  and basel ine requi rements .  

app rox ima te ly  16 pounds, including the e l ec t ron ic s .  One s u r v e y  c a m e r a  w a s  

c a r r i e d  by Surveyor  I and  successful ly  demonst ra ted  all of the above functions 

except  t hose  dependent upon s t e r e o  viewing f r o m  two c a m e r a s .  

An au tomat ic  ir is  is provided 

Provis ion  is  a l s o  made  for  the  in se r t ion  of co lo red  o r  po la r i zed  

Less than  one- th i rd  of the  

Each  c a m e r a  weighs 

- 13 - 
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3 .  Alpha Scat ter ing 

The a l p h a s c a t t e r i n g  exper iment  is designed to  proviLz an i n  s i t u  c h e m i c a l  

analysis uf  t h e  luiiar siirfaze matzria!. 

the in s t rumen t  s e n s o r  i s  deployed direct ly  to  the lunar  s u r f a c e  by an ex tens ion  

mechan i sm;  i t  can  be reposit ioned by the s u r f a c e  s a m p l e r .  

sample  i s  bombarded by 6 mill ion electron-volt 

Cur ium 242 .  

a t  a given angle ,  i s  c h a r a c t e r i s t i c  of t h e  m a s s  of the sca t t e r ing  nucleus.  

s ca t t e r ed  alpha pa r t i c l e s  a r e  detected with a so l id-s ta te  de t ec to r ,  and the  e n e r g y  

of each  pa r t i c l e  is obtained by pulse-height ana lys i s  of the  output of the  de t ec to r .  

The ene rgy  s p e c t r u m  of protons emi t ted  in a lpha-proton (a, p)  nuc lea r  r eac t ions ,  

when c e r t a i n  of the l ighter  e lements  a r e  bombarded by a lpha  pa r t i c l e s ,  is 

obtained by a s e p a r a t e  de tec tor -ana lyzer  s y s t e m .  

After landizg c?f the  Surveyor spacec ra f t ,  

In opera t ion ,  a 

(Mev) alpha p a r t i c l e s  f r o m  

The  energy  s p e c t r u m  of alpha pa r t i c l e s  s ca t t e r ed  f r o m  the sample ,  

The  

The  alpha-scat ter ing de tec tor -ana lyzer  s y s t e m  should de tec t  s c a t t e r e d  

alpha p a r t i c l e s  f r o m  all e l emen t s  of a tomic number  five (boron)  and g r e a t e r ,  and 

i t  should r e so lve  m a s s  numbers  differing by one unit in  the range  f r o m  a tomic  

number  f ive (boron)  t o  a tomic  number  fourteen (s i l icon) .  (See Table  4. ) 

T h e  p ro ton  de tec to r -ana lyze r  sys t em has  the capabi l i ty  t o  de tec t  p ro tons  

f r o m  the following e l emen t s :  l i thium, boron, nitrogen, f luorine,  sodium, m a g -  

nes ium,  a luminum,  s i l icon,  phosphorus and su l fu r .  

The  bas i c  theo ry  of the alpha sca t te r ing  technique has  been p resen ted  by 

P a t t e r s o n ,  et a1 (Ref.  2). T rombka  has  developed a method f o r  analyzing corn- 

p l ex  c h e m i c a l  mix tu res  by a best-fi t  l ea s t - squa re  computer  technique (Ref.  3).  

T h e  i n s t r u m e n t  weighs about 8 pounds including s e n s o r  and e l ec t ron ic s .  

The  deployment  mechan i sm and auxiliary e l ec t ron ic s  weighs a n  additional 7 

pounds . 

- 14 - 
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Table  4. Range of t he  Ins t rument  

Atomic I 
I Number  

3 

4 
5 

6 
7 

8 

9 
11 

12  

13 

14 

15 

16 

17 

> 17 

Li Lithium 

Be Beryll ium 

B Boron 

C Carbon 

N Nitrogen 

0 Oxygen 

F Flu0 r ine  

Na Sodium 

Ng Magnesium 

A1 Aluminum 

Si Silicon 

P Phosphorus 

S Sulfur 

c 1  Chlorine 

All e lements  greater  than chlor ine 

in a tomic  number  

? 
3 

1 

0. I 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

T h e  detect ion l imi t s  will  v a r y  with the  individual e lements .  

of atomic number  15 (phosphorus)  and higher  will  probably not he 

r e so lved  as single e lements  but as groups  (e. g . ,  Mn, Fe ,  Ni) .  

E l emen t s  

- 15 - 
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4. Mi c rome  teo r i te  E j  ec t  a 

The  mic rometeo r i t e  ins t rument  i s  designed to  m e a s u r e  the momentum and 

velocity of mic ro - s i zed  dus t  pa r t i c i e s  near tile lunar  su r face .  

object ives  a r e  as follows. 

The  spec i f ic  

Measure  the number,  m a s s ,  speed, and t r a j e c t o r y  of individual 

mic rometeo r i t e  and ejecta  par t ic les  a t  the lunar  s u r f a c e ;  

Recognize and study e jec ta  from a single mic rometeo r i t e  impact  

event  by measu remen t s  of the t i m e  and t r a j e c t o r y  relat ionships  

of individual e jec ta  pa r t i c l e s ;  

Di s c r i minat  e be tw e e n p r i m  a ry  mi c r o m e  t e o r i t e  p a r t  i c  le  s impact  - 
ing the lunar  s u r f a c e  and the e j ec t a  pa r t i c l e s  thrown out by the 

impac t ;  

Evaluate the influx r a t e  of interplanetary m a t e r i a l  on the lunar  

su r face  ; 

Evaluate  the enhancement of the p r i m a r y  influx r a t e  by the  e j ec t a  

phenomenon a t  the lunar  sur face ;  

A s s i s t  in the study of the nature of the lunar  sur face ,  as d e t e r -  

mined by the interact ion between the su r face  and the impact ing  

pa r t i c l e s ;  

A s s i s t  in the study of the evolutionary p r o c e s s e s  of the  Moon; 

Investigate the contribution of l una r  e j ec t a  m a t e r i a l  t o  the  dus t  

pa r t i c l e  dis t r ibut ions in interplanetary,  c i s  - lunar ,  and n e a r  - 
E a r t h  space ;  

Evaluate  the hazards  confronting manned and unmanned explora-  

t ions of the luna r  sur face .  

i n s t rumen t  is made  up of three bas ic  s e n s o r s :  a n  impact  plate  with 
7 

a n  ef fec t ive  a r e a  of 1000 c m L  and 

d u c e r  bonded to  one s ide  of the impact  plate de tec ts  s igna ls  re la ted  to  the mo- 

m e n t u m  of the s t r ik ing  par t ic le .  

t r ic  bonded to each  s ide  of the impact  plate and covered with a l a y e r  of conducting 

two thin-f i lm capac i tors .  An acous t ic  t r a n s -  

The capac i tors  c o n s i s t  s€ a thir? fi lm of d ie lec-  

- 16 - 
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m a t e r i a l .  

the  pa r t i c l e  energy .  

t u m )  and the capac i tor  s ignal  (energy)  enables  the  number ,  mass and speed of 

pa r t i c l e s  to  be de te rmined .  The acoust ic  t r a n s d u c e r  i s  sensitive to p a r t i c k s  

with momentum greater than 10 

shown to be sens i t ive  to ene rg ie s  g r e a t e r  t han  that  of a 10 
- 3  a speed of about 1 k m / s e c  (10 

Pene t r a t ion  of e i t h e r  capaci tor  p roduces  a pulse  which is r e l a t ed  to 

P u l s e  height analysis  of both the acous t ic  s igna l  (momen-  

-5  dyne-sec,  while the capac i tor  films have been 
- 13 gm pa r t i c l e  with 

e r g s ) .  

The  in s t rumen t  weighs 10 pounds, including s e n s o r s ,  e l ec t ron ic s  and 

mounts  . 

5. Single -Axis S e i s m o m e t e r  

The  s ingle-ax is  s e i s m o m e t e r  exper iment  is intended to  provide the fo l -  

lowing information:  

Lunar  s e i s m i c  act ivi ty  - number,  magnitude, and spa t i a l  d i s t r ibu -  

t ion of na tu ra l  moonquakes ; 

Background noise  level  - spec t rum of s e i s m i c  background noise ,  

co r re l a t ed ,  i f  possible ,  with t h e r m a l ,  me teo r i t e  impact ,  and 

o the r  s o u r c e s ,  including those genera ted  by the spacec ra f t ;  

E l a s t i c  p rope r t i e  s : 

(1) N e a r  sur face- f rom body waves  and short-per iod s u r f a c e  

waves ;  

(2) At depth-from body waves and intermediate-per iod s u r -  

face  wave s ; 

In te rna l  consti tution and s t ruc tu re ;  

Distr ibut ion of me teo r i t e  impacts ,  t h e i r  number ,  and energy .  

i n s t rumen t  cons is t s  of a co i l -magnet  velocity t r ansduce r ,  which is 

su r rounded  by an insulating blanket and hard-mounted to  the spacec ra f t .  

i n s t r u m e n t  has  a na tu ra l  period of 1 cps and is  sens i t ive  in the range  f r o m  0.05 

to  23  cps.  

ma te ly  1 / 10 mi l l imic ron .  

The  

The z~izizxwx su r face  displacement  which it can  de tec t  is  approxi -  

Spacecraf t  resonance  par t ia l ly  blocks r e sponse  in  the 

- 17 - 
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10 to  2 0  cps  passband.  

brat ion.  

The in s t rumen t  is provided with a means  of self ca l i -  

The complete  a s sembly  weighs 10 pounds. 

6 .  Touchdown Dynamics 

The touchdown dynamics  experiment  i s  intended to  provide a h i s t o r y  of the  

l i nea r  and angular  motion of the Surveyor s p a c e c r a f t  dur ing  the touchdown phase  

of the mis s ion  prof i le .  The specif ic  objectives of this  expe r imen t  a r e  to: 

Determine  l i nea r  and angular acce lera t ion ,  velocity,  and d i s  - 
placement  of the  spacec ra f t  re fe rence  axes  dur ing  touchdown, 

and e x p r e s s  these  motions i n  a lunar  i n e r t i a l  r e f e rence  s y s t e m ;  

Obtain information on bearing s t r eng th  of the  luna r  s u r f a c e ;  

Obtain information on shearing r e s i s t ance  o r  coefficient of 

f r ic t ion  of lunar  su r face  f o r  both s t a t i c  and dynamic  conditions;  

Obtain information on the penetration of the spacec ra f t  into the  

lunar  su r face ;  and, 

Obtain information on luna r  su r face  contour  in  the landing area. 

The  touchdown dynamics  experiment  cons i s t s  of a tape  r e c o r d e r  and 24  

s e n s o r s  t o  m e a s u r e  the following p a r a m e t e r s :  

(a)  T h r e e  or thogonal  components of l i n e a r  acce lera t ion  and ro l l  rates 

of the ma in  space f rame  s t ruc tu re ;  

(b)  Magnitude of loads i n  the landing leg s t r u c t u r e s  f r o m  which fo rce  

vec to r s  on each  foot pad a r e  computed;  

(c)  Pos i t ion  of each  landing l e g  re la t ive  to  the s p a c e f r a m e ;  

(d)  T i m e  of su r face  contact f o r  each  foot pad and c rushab le  

block. 

P r e l i m i n a r y  data ,  such  as l i nea r  acce lera t ions  i n  body axes, r o l l  rates, 

l e g - s t r u c t u r e  re la t ive  locat ions,  and forces  i n  leg s t r u c t u r e s ,  a r e  expected t o  

be a c c u r a t e  to  the min imum resolut ion e lement  of * 2  percent .  
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The  initial veloci ty  of the spacecraf t  at touchdown wil l  be calculated using 

doppler  r a d a r  and r a t e  gyro  da ta  dur ing  the f r e e - f a l l  per iod  a f te r  v e r n i e r  engine 

shutoff. L inea r  acce lera t ions ,  velocity,  and d i sp lacemen t s  de te rmined  by the 

a c c e l e r o m e t e r s  will  be combined with the r a t e  gyro d a t a  to t r a c k  the spacecraft, 

c e n t e r  of grav i ty  dur ing  and a f t e r  the impact.  

The  s t r a i n  gages and posit ion potent iometers  on the landing g e a r  will  m e a -  

s u r e  the bear ing s t rength  and shear ing  res i s tance  of the su r face  when combined 

with the motion of the c e n t e r  of gravi ty .  

Information on the  penetrat ion of the footpads and crushable  blocks into the  

su r face  will  be der ived  from an  ana lys i s  of the  load components  pa ra l l e l  and 

n o r m a l  to  the  d i rec t ion  of the resu l tan t  velocity vec tors .  To ta l  weight of the 

expe r imen t  i s  about 2 5  pounds. 

7.  Soi l  Mechanics  

T h e  so i l  mechanics  exper iment  is designed to de t e rmine  the na ture  and 

mechanica l  p rope r t i e s  of the lunar  surface using var ious  instrumentat ion to  

m e a s u r e  p r o p e r t i e s  which a r e  c r i t i ca l  in the design of l una r  sur face  s t r u c t u r e s ,  

s h e l t e r s ,  and moving vehicles  and to a s s i s t  i n  the des ign  of mechan i sms  e m -  

ployed in landing fu ture  spacec ra f t  o n  t h e  l una r  su r face .  

of the  soil  mechanics  exper iment  are a s  follows: 

T h e  specif ic  object ives  

(a)  Identify the lunar  sur face  model in  t e r m s  of materials and 

configuration; 

( b )  De te rmine  the mechanical  proper t ies  of the luna r  sur face  

m a t e  rial; 

( c )  Identify the  mechanical  proper t ies  of each  l aye r  of su r f ace  

ma te r i a l ,  i f  the model  consis ts  of m o r e  than one layer  within 

the depth of investigation of the  instrumentat ion.  

A v a r i e t y  of ins t rument  techniques have been suggested to  m e a s u r e  some 

of the soil  p rope r t i e s  that  a r e  of interest  in  th i s  exper iment .  

f rom techniques in  which the ioad heai-iiig capacity of a soi l  is measured  a s  a 

function of penetrat ion of axially loaded f la t  plates ,  o r  pointed pene t romete r s .  

These  have var ied  
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F r o m  such  data ,  under  controlled conditions, i t  i s  possible  to der ive  the  cohe-  

s ive  modulus,  f r ic t ional  modulus,  and bearing capacity of tes ted  so i l s .  By 

relat ing the s h e a r  torque as  a function of axial load and angular  displacement  in  

an  appropr ia te  insirurriciit, it is even possib!c t~ der ive  t h e  cc?!iesion cnef f ic ien t  

and the fr ic t ion angle of the tes ted soil .  

. .  

It is  des i r ab le  t o  monitor  the operation of th i s  exper iment  with the TV 

s y s t e m  and to  obse rve  the. lunar  soi l  pr ior  to i i istrument deployment.  

men t  weight is about 10 pounds. 

I n s t r u -  

8. Sur face  Sample r  

The  su r face  s a m p l e r  is instrumented witli s t r a in  gages,  position potenti- 

o m e t e r s ,  and a dual-range acce leronie te r  which m e a s u r e s  decelerat ioi i  i l l  the 

0 - 5 0  g and 0 - 2 0 0 0  g ranges .  

motion of 150 deg and o v e r  an  extension of 5 feet ,  and i t  is  re t rac ted  frorn the 

extended posit ion by a d r a g  line which can e x e r t  a pull of 20  pounds. 

ment  can  be used to r e t r i eve  objects  on the sur face ,  to  d e t e r m i n e  the na ture  and 

mechanica l  p rope r t i e s  of the  lunar  surface m a t e r i a l  by t renching o r  chipping, 

and to  move the alpha-scat ter ing instrument  to  a new sur face  position. 

a tool s t ee l  blade on the scoop can  be used as a pick,and that i t  is capable of 

c racking  a one-inch thick concre te  slab.  

viding detai led topographic measurements  o v e r  the 30 squa re  foot a r e a  within 

its r e a c h  with an  accuracy  o f  *O. 3 inch. 

The scoop can b e  manipulated through an azimuth 

The  in s t ru -  

Note that  

Also,  the s a m p l e r  i s  capable of p ro -  

E s t i m a t e s  of sur face  bear ing strength under s ta t ic  loading conditions may 

be obtained throughout th i s  a r e a  by monitoring the penetrat ion of the scoop d u r -  

ing the application of two s ta t ic  force  ranges, 1. 5 pounds p e r  squa re  inch (door  

c losed )  and 7 5  p s i  (door open).  

M e a s u r e m e n t s  of displacement ,  horizontal  force ,  and ve r t i ca l  load during 

s h e a r  t e s t s  with the s a m p l e r  will confirm and extend the s ta t ic  bearing s t rength  

da t a .  

wi l l  be obtained. 

a m a x i m u m  depth of 2 0  inches,  permitt ing bear ing capaci ty  t e s t s  at success ive ly  

l o w e r  depths .  

If the  lunar  sur face  i s  impenetrable,  s o m e  es t ima te  of f r ic t ional  behavior 

If the m a t e r i a l  is penetrable,  t renching can  be c a r r i e d  out t o  
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Four  bas ic  modes of dynamic operation, in  addition to  va r i a t ion  of d rop  

height and s a m p l e r  extension, provide a very  large r ange  f o r  m e a s u r e m e n t  of 

the dynamic behavior of the sur face .  

impact  velocity m e a s u r e m e n t s  will  c iass i fy  the lunar s u r f a c e  m-aterial  as g ran -  

u l a r ,  porous ,  o r  solid and wil l  de te rmine  the quantitative mechanica l  p r o p e r -  

t i e s  in t e r m s  of the  modulus of e las t ic i ty  and yield s t rength .  

Decelerat ion-versus- t ime h i s to r i e s  and 

I The ins t rumen t  weighs about 14 pounds. 

The  so i l  mechan ics - su r face  sample r  expe r imen t  t o  be flown on the e a r l y  

Surveyor s  is  a simplified ve r s ion  of the  expe r imen t  desc r ibed  above. 

the s a m e  mechan i sm but is only pa r t ly  instrumented f o r  f o r c e  and motion m e a -  

s u r e m e n t s .  

This  is 

9. Luna r  D r i l l / S a m p l e r  

A d r i l l  on a Surveyor  follow-on spacec ra f t  would have the following objec-  

t ives :  

(a)  Sample  acquis i t ion - obtain subsur face  luna r  so i l  s a m p l e s  

f o r  ana lys i s  by spacec ra f t  ins t ruments ;  

( b )  P r e p a r e  hole f o r  i n se r t ion  of subsur face  in s t rumen t s ;  

( c )  Analytic tool - de te rmine  the ha rdness  p r o p e r t i e s  and strati- 

f icat ion of lunar  sur face  ma te r i a l  as a function of depth.  

Su rveyor  I photographs show the  lunar  su r face  at the landing point t o  be 

g r a n u l a r  t o  a depth of s e v e r a l  inches.  C r a t e r s  photographed i n  the s a m e  area 

sugges t  t ha t  the subsur face  is  granular  (soil-l ike) t o  a depth of a t  l ea s t  s e v e r a l  

m e t e r s .  Although rocks  and boulders a r e  a l so  p r e s e n t  in  th i s  area, i t  a p p e a r s  

tha t  the probabi l i ty  of randomly landing o v e r  a s izable  one i s  not g rea t .  

ingly, a s s u m i n g  that this  r e p r e s e n t s  a typical  landing s i t e  fo r  Surveyor  follow- 

on  s p a c e c r a f t , t h e  inclusion of a ro ta ry  impact  hard  rock  d r i l l  i s  not r e c o m -  

mended,  

Accord -  

but a s i m p l e r  r o t a r y  d r i l l  s ample r  i s  p roposed .  

S u c h  a device i s  t he  combined ro ta ry  d r i l l ,  he l ica l  conveyor,  s a m p l e r  with 

a thin cas ing  which r e m a i n s  in the hole to  prevent  cave  in. 

1 - 1 /4 inch hole about 3 fee t  deep unless i t  encountered a hard  rock  which it could 

It would d r i l l  a 1- 

- 2 1  - 



ASD 760-3 

not push as ide .  

a l t e rna te  spot s e v e r a l  inches f r o m  the f i rs t .  

he l ica l  conveyor  with an in t eg ra l  d r i l l  t i p  rotated by a moto r  a t  approximate ly  

300 rpm.  This  sys t em,  together  with a non-rotating casirig, is 3el;IGyed 1 7 0 ~ -  ..,* 
t ical ly  by a motor-dr iven lead s c r e w  actuated by a force  s e n s o r .  As the d r i l l  

descends ,  the  displaced so i l  ( i f  l e s s  than approximately 2 mm in  s i z e )  may be 

t r anspor t ed  up the hel ical  conveyor  o r  (if l a r g e r )  pushed as ide .  Consolidated 

m a t e r i a l  is  f ragmented into small par t ic les  which can  be c a r r i e d  up the con- 

veyor  to the s a m p l e r  r e c e i v e r .  

leaving the casing in the hole. 

and i s  lowered into the cased  hole. 

max.  power i s  100 wat t s ;  and, to ta l  energy i s  75 wa t t -h r s .  

In such c a s e  both d r i l l  and cas ing  would r e t r a c t  and t r y  a n  

The d r i l l  s y s t e m  cons i s t s  of a 

When the d r i l l  r eaches  full depth,  it  i s  r e t r ac t ed ,  

Next, the subsur face  probe  is indexed into place 

Est imated weight i s  15 pounds; es t imated  

1 0. Sample  r P roce  s s o r  / T ranspo  rt 

Lunar  subsur face  m a t e r i a l  acquired by the lunar  d r i l l - s a m p l e r  is  de l iv-  

A s  this  r e c e i v e r  m a y  a l t e rna te ly  e r e d  f i r s t  into the s a m p l e r  r ece ive r  (hopper).  

be used to  accept  s amples  f r o m  the s u r f a c e  sample r ,  a c o a r s e  s c r e e n  i s  em- 

ployed at  the  r ece ive r  en t r ance  to  discard any par t icu la te  l a rger  than  approx i -  

ma te ly  4 mm. Below th is  c o a r s e  sc reen  another  s c r e e n ,  with approx ima te ly  

70011 opening, i s  employed to  d iver t  par t ic les  f r o m  4 mm t o  7 0 0 ~  ( o r  2 mm t o  

700p if f r o m  the d r i l l - s a m p l e r )  in  s i ze  to a c r u s h e r  receptac le .  

a r e  next fed into a low-powered (approximately 5- 10 wat t )  min ia tu re  g y r a t o r y  

c r u s h e r  which p a s s e s  a maximum part ic le  s i ze  Of 3 0 0 ~  but suppl ies  enough f ine  

p a r t i c l e s  t o  yield a f r e sh ly  c rushed  sample sui table  for any of the i n s t r u m e n t s  

i n  quest ion:  the X- ray  d i f f rac tometer ,  the X- ray  s p e c t r o m e t e r ,  the g a s  c h r o -  

ma tograph ,  and the  pe t rographic  microscope (which h a s  its own s a m p l e  s e p a r a -  

t o r  and p r o c e s s o r ) .  Alternately,  on command, s a m p l e s  of the na tura l ly  c o m -  

minuted 0 - 700p m a t e r i a l  in  the ma in  sample r e c e i v e r  are  sui table  f o r  any of 

the ana ly t i ca l  i n s t rumen t s  named and may be supplied to  them.  

ple  p r o c e s s o r / t r a n s p o r t e r  s y s t e m  c a n  supply s a m p l e s  f r o m  e i t h e r  of two 

s o u r c e s - - s u r f a c e  samples  f r o m  the sur face  s a m p l e r  o r  subsu r face  s a m p l e s  

f r o m  the  d r i l l .  

twn h=csIcally d i f fe ren t  types  of samples:  

( 2 )  n a t u r a l l y  occur r ing  fine par t iculate  which was produced by na tura l ly  o c c u r -  

r i ng  lunar s u r f a c e  comminution p rocesses .  

T h e s e  pebbles  

Thus ,  the Sam- 

Samples  f r o m  e i t h e r  of t hese  s o u r c e s  are  next s epa ra t ed  into 

(1) f r e s h l y  c rushed  pa r t i cu la t e  and 
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The e s t ima ted  weight of the p r o c e s s o r / t r a n s p o r t e r  s y s t e m  is 5 pounds; 

the max imum power  is  25 wat ts ,  and the  total energy ,  20-watt-hr .  

would be m e a s u r e d  volumetr ica l ly  and would be t r anspor t ed  by s c r e w  conveyors .  

Samples  

11. X - Rav Diff r a c t o m e t e r  

The  X - r a y  d i f f r a c t o m e t e r  h a s  been designed to  conduct minera logica l  

ana lys i s  of l u n a r  ma te r i a l .  

the  re la t ive  abundance of c rys t a l l i ne  phases  p r e s e n t  in a lunar  sample .  

i n s t rumen t  can  provide d i f f rac t ion  da ta  of sufficient quali ty to  a s s u r e  the iden- 

t if ication of any of the m a j o r  rock-forming and a c c e s s o r y  m i n e r a l s  when they 

ex i s t  in  quant i t ies  of 5 pe rcen t  o r  g r e a t e r  by volume in the sample .  

The p r i m a r y  object ive is to  identify the types  and 

The  

The  d i f f r a c t o m e t e r  sys t em contains two m a j o r  p a r t s .  F i r s t ,  the gonio- 

m e t e r  s u b s y s t e m  which includes the X-ray tube,  gas  propor t iona l  de t ec to r ,  and 

sample-handl ing device,  and second,  the  power suppl ies  and da ta  handling mech-  

a n i s m s .  T h e  c u r r e n t  des ign  of the ins t rument  r e p r e s e n t s  a minia tur ized  v e r s i o n  

of the s tandard  l abora to ry  counter  d i f f rac tometer  except  that  i t  is  inver ted .  

r a y s  f r o m  a sma l l ,  25 kv 

base  of a spec imen  cup with a basa l  window of 0. 002-inch th ick  beryl l ium. 

diffracted X - r a y s  wil l  exit  through the cup base  and will  be counted by a g a s  

p ropor t iona l  de tec tor .  

m a y  be f r o m  l / 2 O  to  4" / m m .  

n e a r l y  equivalent t o  that  in labora tory  models.  

X- 

X- ray  tube with a copper  t a r g e t  a r e  incident on the 

The 

The  potential  2 8  range is  10 to  80 d e g r e e s  and scan  r a t e s  

The X - r a y  opt ical  design provides  resolut ion 

T h e  to ta l  weight of the instrument  including the head and high-voltage 

power  supply i s  about 15 pounds. 

t h e r e f o r e ,  i t  i s  operated i n  conjunction with the s u r f a c e  s a m p l e r ,  lunar  d r i l l ,  

and the s a m p l e  p r o c e s s o r / d i s t r i b u t o r .  

(RTG) power  supply s y s t e m  were  used on the  Surveyor  spacec ra f t ,  th i s  i n s t ru -  

m e n t  would have to be shielded. 

Th i s  is one of the f ixed-analysis  expe r imen t s ;  

If a rad io iso tope- thermal  gene ra to r  

S o m e  of the components of this  experiment  can be s h a r e d  with the X- ray  

s p e c t r o m e t e r  t o  give a combination ins t rument  weighing about 20  pounds (Ref. 4). 
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12. X-Ray Spec t romete r  

The  scientific objectives of the experiment  (Ref. 5 )  a r e  to provide infor-  

riiatiofi or, t h e  e l e r r e ~ t a !  corr?pnsit inn nf  ma te r i a l s  taken f r o m  the luna r  su r face  

and subsur face .  

ing e l emen t s  with the following l imi t s  of sensit ivity (by weight): 

Towards  this objective the instrumefit  will  be capable of de tec t -  

E lement  
Limits  of Sensit ivity 

% 

Sodium 

Magnesium 

Aluminum 

Silicon 

Sulfur 

Chlor ine 

Po ta s s ium 

Calcium 

Titanium 

Chromium 

Manganese 

Iron 

Nickel 

0 .  5 

0 .  2 

0. 1 

0. 1 

0. 1 

0. 1 

0. 05 

0. 05 

0.  05 

0 . 0 2  

0 . 0 2  

0. 02  

0. 02 

T h e  technique involved fo r  th i s  instrument  d e r i v e s  f r o m  the fact  that  any 

m a t e r i a l  when bombarded by high-energy e l ec t rons  will emi t  X- rays  of wave- 

lengths  which are cha rac t e r i s t i c  of the e lements  contained i n  the sample .  

Su rveyor  X - r a y  s p e c t r o m e t e r  e lec t rons  (15-25 kv) produced by a self-biased 

e l e c t r o n  gun s t r ike  the t a rge t  at the bottom of the ins t rument ,  producing c h a r a c -  

t e r i s t i c  X - r a y s  and a n  X- ray  continuum. T h e s e  X- rays  are emit ted upward into 

the  s p e c t r o m e t e r  i n  all direct ions.  

l ima t ing  s t a c k  of pa ra l l e l  foils and a diffracting c rys ta l .  

inc ident  on each  c r y s t a l  only those X-rays which sa t i s fy  the Bragg equation for 

a given wavelength o r  higher  in tegra l  o rde r  of n will  be diffracted through the 

co l l imat ing  s tack .  

possible to define the one wavelength which wi i i  be diffracted.  

In the 

Each e l emen ta l  channel cons is t s  of a col-  

F o r  a pa ra l l e l  beam 

By fixing the value of 8 through geometr ica l  orientation, it is  

Eleven ge iger  
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counters  and four  propor t iona l  counters  a r e  employed t o  de t ec t  the number  of 

X- rays  d i f f rac ted  into the different  channels cor responding  to  each  of the  e l e -  

m e n t s  of i n t e re s t .  

The  in s t rumen t  cons i s t s  of a n  X-ray sens ing  head, a n  e l ec t ron ic  cont ro l  

and r eg i s t r a t ion  sys t em,  a s tandard  sample,  and a power supply. The  X - r a y  

head c o m p r i s e s  an  exci ta t ion source ,  f ixed  d i s p e r s i v e  and nondispers ive  analy-  

t i ca l  channels ,  and de tec to r  c i r cu i t ry .  F o r  l una r  operat ion,  a so i l  t r a n s p o r t  

s y s t e m  posi t ions a p repa red  sample  of l u n a r  rock  beneath the viewing p o r t  of the  

s p e c t r o m e t e r .  

a t a r g e t  i n  a n  X - r a y  tube is bombarded.  The X - r a y  e m i s s i o n  of the s a m p l e  is  

then counted to  de t e rmine  the e l emen ta l  composition of m a t e r i a l  p r e s e n t  in  the 

sample .  

f o r  individual e l emen t s  and 2 d i spe r s ive  channels f o r  background leve ls  and 

ca l ibra t ion .  

a t ions  f r o m  all e l emen t s ,  Th i s  channel  is v e r y  sens i t ive ,  but has  r e l a t ive ly  

poor  e n e r g y  resolut ion and s e r v e s  mainly to check  the da t a  obtained f r o m  the  

d i spe  r s ive c hanne 1s. 

The sample  spec imen is  then bombarded by an e lec t ron  b e a m  as 

The  15 d i spe r s ive  channels  provided cons is t  of 1 3  d i s p e r s i v e  channels  

A redundant nondispers ive  s y s t e m  is provided f o r  identifying r a d i -  

T h e  to ta l  weight of the ins t rument  including the head, e lec t ronics ,  and 

high-voltage power supply i s  about 15 pounds. 

e x p e r i m e n t s .  

l u n a r  d r i l l ,  and the sample  processor /d is t r ibu tor .  If a rad io iso tope- thermal -  

g e n e r a t o r  (RTG) power supply s y s t e m  were used on the  Surveyor  spacec ra f t ,  t h i s  

i n s t r u m e n t  would have to  be shielded. 

Th i s  is one of the fixed ana lys i s  

The re fo re ,  i t  is operated in  conjunction with the s u r f a c e  s a m p l e r ,  

Weight and complexity could be reduced in  th i s  expe r imen t  by ut i l iz ing 

only nondispers ive  X- ray  spec t roscopy techniques,  which do not r e q u i r e  d i s -  

p e r s i n g  c r y s t a l s  and defining slits; however, sensi t ivi ty  and a c c u r a c y  a re  con-  

s ide rab ly  reduced.  A f u r t h e r  weight, a s  wel l  as power reduction, could be 

achieved by using a radioact ive excitation source .  

could be reduced  in  weight t o  about 7 pounds, but as s ta ted  before , the penal ty  is 

a s e v e r e  l o s s  in  detect ion sensi t ivi ty  and d iscr imina t ion  accuracy .  

All in  all, the e x p e r i m e n t  
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13 .  P e t  r o g r ap  hi c Mi c ro  scope 

The pe t rographic  microscope  (Ref. 6)  is designed f o r  r emote  o b s e r v a -  

tion of c rushed  rock samples  iii tra.;.,sw.itted light. The object ives  a r e :  

Identification of l una r  rock  type and genes is  thereof ,  by: 

( 1 )  identification of rock  tex ture ;  

( 2 )  identification of shapes and re la t ive  s i z e s  of different  

m i n e r a l  g ra ins ;  and, 

de te rmina t ion  of relat ive abundances of mine ra l s  in  

s ample ; 
(3)  

Detect ion of g l a s s  and es t imate  Qf composi t ion of g l a s s  by 

r e f r ac t ive  index; 

Determina t ion  of pa r t i c l e  size and shape dis t r ibut ion of p a r -  

t iculate  su r f i c i a l  ma te r i a l ;  

Identification of phases  present  in  small amounts .  

T h e  pe t rographic  mic roscope  sys t em was  conceived as an  expe r imen t  of 

low weight and power which could provide t ex tu ra l  information on rocks  and p a r -  

t i cu la te  m a t e r i a l  f r o m  the lunar  surface.  The  type of da t a  provided by th i s  s y s -  

t e m  would prec lude  ambigui t ies  in  the in te rpre ta t ion  of o the r  pe t ro logica l  e x p e r i -  

men t s .  

ent i f ic  explorat ion of the Moon. 

t h i s  d a t a  wil l  not be for thcoming f r o m  other  i n s t rumen t s .  

The  object ives  l is ted above a r e  of cons iderable  impor tance  i n  the sci- 

Except €or de termina t ions  of bulk mine ra logy ,  

In opera t ion ,  a sample  of lunar  m a t e r i a l  consis t ing of  s ized  p a r t i c l e s  i n  the  

range  of 10 to  300p is de l ivered  to the  mic roscope  f r o m  the spacec ra f t  s a m p l e  

p r o c e s s o r  / d i s t r ibu to r  sys t em.  

into f ine-gra ined  and coa r se -g ra ined  fract ions.  

i n  a c l e a r  i so t rop ic  med ium of known ref rac t ive  index. The  p a r t i c l e s  f o r m  a 

mono-pa r t i c l e  l a y e r  with the i r  tops i n  a plane.  The sample  is t r anspor t ed  t o  

the  field of view of a l ens  s y s t e m  which d isp lays  i t s  magnified image  onto the  

opt ica l  s e n s o r  of a te lev is ion  sys tem.  The i r r -mersed sample moves  in steps 

a c r o s s  the f ie ld  of view of the objective lens .  

The  microscope  s y s t e m  s e p a r a t e s  t hese  p a r t i c l e s  

Each  f r ac t ion  is then i m m e r s e d  

S e v e r a l  images individually 
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focused  at d i f fe ren t  depths  in  the pa r t i c l e  layer  are  obtained f o r  each  field of 

view. The opera t ion  sequence dur ing  viewing involves: 

(a) Movement of s o m e  i m m e r s e d  p a r t i c l e s  into field of view; 

(b)  Individual images  at s e v e r a l  planes of focus taken;  

(c)  Movement of m o r e  i m m e r s e d  p a r t i c l e s  into field of view and 

imaging sequence repea ted .  

E v e r y  pa r t i c l e  is viewed in  both plane-polarized and c ross -po la r i zed  light. 

s a m p l e s  are s tored  and a r e  avai lable  for  r ecove ry  and review.  

T h e  

The  imaging subsys t em cons i s t s  of: 

(a) A light s o u r c e  capable  of narrow-bandwidth output, and a light 

c ond e ns  e r ; 

(b)  An objective l ens  to  pro jec t  a magnifi.ed image  to  a te levis ion 

c a m e r a ;  

Po la r i z ing  f i l t e r s  which will al low p a r t i c l e s  t o  be viewed in  both 

plane -polar ized  and c r o s s  -polar ized light; 

A te levis ion camera capable of recognizing lop. pa r t i c l e s  a t  any 

spot o v e r  a field of view of 0. 5 - x  0. 5 mm. 

( c )  

(d )  

T h e  to ta l  s y s t e m  weight including te lev is ion  c a m e r a  is approximately 15 

t o  18 pounds.  This  i s  one of the fixed analysis  expe r imen t s .  The re fo re ,  it is  

ope ra t ed  in conjunction with the sur face  s a m p l e r ,  l una r  d r i l l ,  and the sample  

p roce  s so r /d i  s t ri but0 r . 

14. G a s  ChromatoeraDh 

T h e  objective of the gas chromatograph expe r imen t  i s  t o  provide an  
a n a l y s i s  of the volati le consti tuents in lunar  su r face  m a t e r i a l .  It should de tec t  

the  following compounds and e lements  to a specified resolut ion even when t h e i r  

quant i ty  i s  as low as 10 
-10 mole of sample g a s  within the oven s t r u c t u r e .  
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1. 

2 .  

3. 

4. 

5. 

6. 

7.  

a .  

9. 

10. 

11. 

12. 

13. 

14. 

Hydrogen (H ) 

Oxygen (02) 

2 

Nitrogen (N2) 

Carbon Monoxide (CO) 

Water  vapor  ( H  ) 

Methane (CH4) 

Ethane (C2H6) 

P ropane  (C H ) 3 8  

Butane (C4H o )  

Methanol (CH30H) 

Ethanol  (C2H50H) 

Propane1  (C3H70H) 

F o r m i c  Acid (HC OOH) 

Acet ic  Acid (CH3COOH) 

2 

15. 

16. 

17 .  

18. 

19. 

20. 

21. 

22. 

23 .  

24 .  

25. 

26. 

27. 

28. 

Butyric Acid (C3H7COOH) 

Formaldehyde  (HCHO) 

Acetaidehyde (CX CEO)  

Propionaldehyde (C2H5CHO) 

Acetone (CH COCH3) 

Acetoni t r i le  (CH3CN) 

3 

3 

Benzene (C6H6) 

T oluene (C 6H C H3 ) 

Ammonia  (NH ) 

Acrolein (CH2= CHCHO) 

Acetylene (CH = CH) 

3 

Carbon Dioxide (GO2) 

Hydrocyanic Acid (HCN) 

Hydrogen Sulfide (H2S) 

In operat ion,  a sample  of lunar  c rus ta l  m a t e r i a l  is collected by the appro-  

p r i a t e  sampl ing  device on the Surveyor  spacecraf t  and placed in  the sample  

p r o c e s s o r  /d i s t r ibu tor  f o r  del ivery to the gas  chromatograph .  

s a m p l e  is pas sed  through a funnel in  the top  of the chromatograph  into a small 

oven. 

heated to r e l e a s e  gaseous ma te r i a l  that m a y  be p r e s e n t  i n  the  sample .  

g a s e s  thus  l iberated a r e  injected into a hel ium c a r r i e r  gas  s t r e a m  in  the f o r m  

of a t ight  slug. 

packed co lumns .  

affinity for the packing material in the columns.  

abso rp t ion  and / o r  chemica l  equilibrium, the pas  sage  of each  consti tuent through 

the  co lumns  is impeded fo r  a distinct,  reproducible  t i m e  in te rva l  unique f o r  e a c h  

unknown. 

a s igna l  from a de tec tor  whicn senses  thc presence  of any unknown m a t e r i a l  

o t h e r  t h a n  the  helium c a r r i e r  gas. 

The  del ivered 

T h e  oven is then sealed by a pneumatically opera ted  mechan i sm and then 

The 

The  sample  gas  i s  then divided and swept through analyt ical  

The  consti tuents of the sample  g a s  will  have m o r e  o r  l e s s  

Through the mechan i sms  of 

Th i s  re tent ion t ime  i s  measured  at the effluent end of each  column by 

The outputs f rom the de t ec to r s  a r e  fed into 
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the  spacec ra f t  f o r  da t a  p rocess ing  and t r a n s m i s s i o n  back t o  E a r t h .  

t r ansmi t t ed  data ,  the identity and approximate quantity of e a c h  unknown volati le 

const i tuent  i n  the sample  can  be determined.  

F r o m  this  

Th i s  i s  one of the fixed ana lys i s  exper iments .  T h e r e f o r e ,  it is  operated 

in  conjunction with the  su r face  s a m p l e r ,  lunar  d r i l l ,  and the sample  p r o c e s s o r /  

d i s t r ibu to r .  A s  long as the individual pa r t i c l e s  have d imens ions  of less than 

about 5 m m ,  sample  gra in  s i z e  i s  not important .  Oven t e m p e r a t u r e s  can  be 

se lec ted  to  one of t h ree  t empera tu res :  150, 325, 500°C f 10°C. The  in s t ru -  

men t  i s  capable  of cycling through ana lyses  of a l a rge  number  of se lec ted  sam- 

p l e s ;  however ,  a maximum of th i r ty  minutes  should be allowed fo r  each  com-  

p le te  cycle .  The  in s t rumen t  weighs about 10 pounds. 

15. Subsurface  P robe  

A subsu r face  probe  o r  logging sonde t o  c a r r y  scient i f ic  i n s t rumen t s  into a 

three- foot  v e r t i c a l  hole made by the  lunar d r i l l  at the Surveyor  landing s i t e  could 

provide impor t an t  subsur face  information.  

1 inch in d i a m e t e r  by 20 inches  i n  length and would weigh about 3 pounds. 

opera t ion ,  the probe is  lowered into the 1-  1 /4- inch  d i a m e t e r  dr i l led  hole. 

t he  hole does  not col lapse,  a f o r c e  of, say, 5 pounds m a y  be requi red  to d r i v e  the 

p robe  into the  hole. If the hole does  collapse,  however,  then the d r ive  mechan-  

ism i s  powered  to apply a maximum longitudinal fo rce  of 50 pounds t o  fo rce  the  

device to  va r ious  depths into the unconsolidated m a t e r i a l .  

The  sonde would be approximate ly  

In 

If 

A l a r g e  va r i e ty  of in s i tu  scientific expe r imen t s  could be conceived fo r  a 

s u b s u r f a c e  sonde of this  type. For example,  expe r imen t s  t o  examine the down- 

hole t h e r m a l  p rope r t i e s  of s a y  conductivity and diffusivity, o r  the e l a s t i c  prop-  

e r t i e s  as de te rmined  by acous t ic  velocity exper iments ,  o r  pe rhaps  expe r imen t s  

t o  examine  the e l e c t r i c a l  o r  magnet ic  proper t ies  of contacted m a t e r i a l  a r e  all 

conceivable .  

m e n t s  would be those providing any information in suppor t  of o t h e r  Surveyor  

e x p e r i m e n t s ,  unique new information,  o r  information about the p r o c e s s  and rate 

of t u r n o v e r  of  lunar  su r face  ma te r i a l .  

in  the following pa rag raphs .  

However, it would s e e m  that  the m o s t  p rac t i ca l  and useful  expe r i -  

The  suggested expe r imen t s  a r e  d i scussed  
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a. Density. Density i s  a valuable physical p rope r ty  of rocks  o r  soi l .  It 

would be of m o s t  i n t e r e s t  i f  measu red  on  o r  i n  lunar  bedrock. 

solid-rock d e n s i t y  will a s s i s t  petrological  exper iments  i n  de t e rmin ing  luna r  

rock  minera logy  and composition. 

lated deb r i s ,  i t  will  be possible  to es t imate  poros i ty  i f  the  approximate  phase 

composition of the m a t e r i a l  can  be determined by the X - r a y  d i f f rac tometer .  

Po ros i ty  is valuable in understanding the  sor t ing  and packing of the  siirface 

deb r i s ,  hence,  s o m e  indications of the origin of the l aye r  a r e  provided as wel l  

a s  s o m e  engineer ing data.  

Knowledge of 

If density is measu red  in  a l aye r  of accumu-  

Th i s  exper iment  would probably utilize the method of g a m m a - g a m m a  log- 

ging, as  employed in the o i l  industry,  in which a d i rec ted  radiat ion source  

(approximately 50 m c  of  Hg 

Muel le r  counter  tube.  

radiat ion received f r o m  the s o u r c e  due to sca t t e r ing  is re la ted  to the densi ty  of 

the m a t e r i a l  subjected to  the experiment .  Accura te  m e a s u r e m e n t s  r equ i r e  that  

any background effects  be accounted for.  Background levels  a r e  de te rmined  by 

n e a r  comple te  shielding of the radioisotope s o u r c e  and a n  observa t ion  of the  

level  detected by the s a m e  Geiger-Mueller  tube.  

2 0 3  
) is located a known d is tance  f r o m  a Geiger -  

The dens i ty  is then der ived  f r o m  the knowledge that the 

b. Magnetic Susceptibil i ty.  The  object of this  exper iment  is  to de te rmine  

the a v e r a g e  magnet ic  suscept ibi l i ty  of a contacted sample  of luna r  m a t e r i a l .  

suscept ibi l i ty  measu red  wil l  m o s t  likely be governed by the content of t h r e e  

m i n e r a l s  which have high susceptibil ies:  f r e e  i ron ,  magnet i te  (Fe 0 ), and 

i lmeni te  ( F e T i O  ). 

of it i n  the  m a t e r i a l  will  cause  a higher bulk suscept ibi l i ty  than  570 magnet i te .  

A suscept ibi l i ty  m e a s u r e m e n t  will,  therefore ,  allow a n  e s t ima te  of the f r e e  i r o n  

content.  

the  magne t i c  exper iment  is  of value- -considerably so i n  approximate ly  d e t e r m i n -  

ing the oxidation state of su r face  i ron.  

m e t e o r i t i c  s o u r c e s  can  be evaluated o n  o t h e r  grounds (Niyo, coexis t ing phases ) .  

A low, but detectable ,  suscept ibi l i ty  value would sugges t  that  magnet i te  a n d / o r  

i lmen i t e  exis ted in  the rocks .  A n e a r - z e r o  reading would indicate the absence  

of t h e s e  t h r e e  phases .  

pretation of r a d a r  data ,  s ince  i r o n  and i r o n  oxide phases  should be highly reflec- 

t ive.  

T h e  

3 4  
The suscept ibi l i ty  o f - f r e e  i ron  is SO high that  a few g ra ins  

3 

Since th i s  phase  is m o s t  difficult for  X - r a y  d i f f rac t ion  identification, 

T h e  or ig in  of the i r o n  f r o m  luna r  o r  

Knowledge of the i r o n  content could be of u s e  in  i n t e r -  
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T h i s  expe r imen t  would probably employ a n  air c o r e  t r a n s f o r m e r  i n  which 

the mutua l  inductance between p r i m a r y  and secondary  has  been m e a s u r e d  f o r  a 

sur rounding  medium of permeabi l i ty  approximately equal  to  one (air o r  vacuum) .  

M e a s u r e m e n t s  a r e  made  by de termining  the mutua i  inductance i n  a knzt...n w ~ d -  

i u m  and aga in  with the subsu r face  logging sonde in  the d r i l l  hole. 

between the mutua l  inductance m e a s u r e d  under these  two conditions is p r o p o r -  

t iona l  t o  the magnet ic  suscept ibi l i ty .  

The  d i f fe rence  

c .  Lunar  Heat  Flux. 

-6 2 

The heat  flux is a function of the  t e m p e r a t u r e  g r a -  

d ien t  and the  t h e r m a l  conductivity, and f o r  t he  E a r t h  it has  a value of approxi -  

ma te ly  1. 2 x 10 The heat f lux f r o m  the in t e r io r  of the Moon 

wil l  be a function of its p a s t  t h e r m a l  h is tory  and the  dis t r ibut ion and s t rength  

of hea t  s o u r c e s ;  t he re fo re ,  knowledge of the  luna r  heat flux bounds hypotheses  

of bulk composi t ion,  different ia t ion,  and phys ica l  models  of the i n t e r i o r .  Speci-  

f ical ly ,  subsu r face  p robes  with t empera tu re  s e n s o r s  can  be used to  m e a s u r e  the 

t e m p e r a t u r e  grad ien t  and some  t h e r m a l  p a r a m e t e r s  a t  d r i l l ed  sites. 

f r o m  t h e s e  m e a s u r e m e n t s  m a y  provide data on regional  l una r  hea t  flow, ground- 

t r u t h  f o r  co r re l a t ing  microwave  and IR measu remen t s ,  and location of loca l  

t h e r m a l  anomal i e s .  

will  depend on acquir ing information from many different  s i t e s .  

C a l / c m  - sec .  

Resul t s  

It should be realized tha t  the validity of lunar  heat-flow data  

T h i s  m e a s u r e m e n t  could be  made by de termining  the t h e r m a l  conductivity 

The bes t  approach  to  th i s  m e a s u r e m e n t  is and t h e r m a l  gradient  independently. 

probably to u s e  the same technique as used on Ea r th ;  that  is ,  t o  m e a s u r e  the  

d r i l l -ho le  t e m p e r a t u r e  ove r  a considerable  per iod of t ime- - say  at l e a s t  a luna-  

t i on - -a t  two points,  one n e a r  the top and the  o the r  n e a r  the bottom of the probe ,  

t o  d e t e r m i n e  t h e  s teady-s ta te  ve r t i ca l  t empera tu re  gradient .  

d e s i r a b l e  to  de t e rmine  the t h e r m a l  conductivity in  the d r i l l  -hole. 

In addition, it is 

16. F a c s i m i l e  C a m e r a  

T h e  gene ra l  objective of th i s  c a m e r a  s y s t e m  is to provide high-resolut ion 

The specif ic  object ives  a r e  s t e r e o g r a p h i c  p i c tu re s  of the Surveyor  landing s i te .  

to: 

(a )  Provide ,  as  the  p r i m a r y  objective, panoramic  photographic infor -  
mat ion of the vis ible  lunar t e r r a i n  i n  the immedia te  vicinity of the 
spacec ra f t ,  up to and including the local  horizon; 
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Provide  measu remen t s  of feature s ize ,  shape, and range,  

through photogrammetry ;  

Provide  photometr ic ,  co lor imet r ic ,  and po la r ime t r i c  mea- 

su remen t s  of selected regions of the vis ible  luna r  sur face ,  t o  

aid in differentiating the observed f ea tu res ;  

P roduce  topographic o r  for,m-!ine maps  of the observable  

vicinity of the spacecraf t ,  fo r  u se  in geologic in te rpre ta t ion  

of the observed f ea tu res ;  

Monitor the operation of other  expe r imen t s  and d i r e c t  s ample  

acquis i t ion by the sur face  sample r ;  

Observe  lunar  sur face  features  at different angles  of s o l a r  

i l lumination to a s s i s t  in  differentiating and co r re l a t ing  the 

v isua l  information, in identifying the lunar  su r face  f ea tu res ,  

and in enhancing the  accuracy  of the topographic m e a s u r e m e n t s ;  

Obse rve  phenomena taking place on the su r face  of the Moon, 

such  as the  formation of new c r a t e r s  by mic rometeo ro ids  and 

secondary  solid par t ic les ,  by success ive  observa t ions  of regions 

of the lunar  t e r r a i n  and coordination with the r e su l t s  of o the r  

payload exper iments .  

A f acs imi l e  c a m e r a  sys t em w a s  developed as an  exper iment  fo r  the Ranger  

Capsule  scient i f ic  payload. The device proved to be ex t r eme ly  rugged, light in 

weight and rel iable ,  and in subsequent field t e s t s  by the Astrogeology Branch of 

U. S. Geological  Survey at the Bonita lava flows, it produced high quality, geo- 

m e t r i c a l l y  s tab le  images  that  were  very wel l  suited to  s t e reograph ic  viewing and 

reduct ion  techniques.  

1966 by the  Soviet spacecraf t  Luna 9 and 13 and produced good images .  

S imi l a r  c a m e r a s  w e r e  de l ivered  to  the luna r  su r face  i n  

T h e  facs imi le  c a m e r a  p e r f o r m s  the function of t ransducing vis ible  energy  

into e l e c t r i c a l  energy  and es tab l i shes  the fo rma t  by which p ic ture  information 

is r e p r e s e n t e d  e lec t r ica l ly .  

op t i ca l  viewing subassembly,  plus ver t ica l  d r ive ,  and scanning mechan i sms .  

T h e s e  e l e m e n t s  provide one degree  of motion to  the opt ical  s y s t e m  by "nods" 

I t s  major  e l emen t  is a top  tube which contains the 
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i n  the ve r t i ca l  plane. 

and the first s tage of s igna l  amplification. 

facs imi le  ( H R F )  s y s t e m  not i n  the top tube include a n  az imuth  dr ive  mechan i sm,  

which provides  the n e c e s s a r y  second degree of motion to the optics for  rataticn 

in  the horizontal  plane; motor  dr ive  e lec t ronics ,  which provide the power to 

both the v e r t i c a l  and horizontal  d r ive  motors;  s igna l  e lec t ronics ;  and synchron-  

izat ion e lec t ronics ,  which provide accurate  t iming s igna ls  t o  ensu re  p rope r  

playback of the data .  

cyl inder  approximate ly  10 inches long. 

tube housing a r e  sea led  with g l a s s  windows which will  p a s s  energy in  the region 

of the e lec t romagnet ic  spec t rum f r o m  0 . 3  t o  1 .  2 mic rons .  Inside the housing 

and behind each  window is a flat  dis tor t ionless  m i r r o r  which is  pivoted so  tha t  

i t  may swing 25 d e g r e e s  in  a ve r t i ca l  plane,thereby generat ing a 50-degree scan .  

By th is  action, each  m i r r o r  re f lec ts  light down the tube onto an image-forming  

lens ,  which in  t u r n  focuses  the light onto the  su r face  of a photosensit ive t r a n s -  

duce r .  

The top tube a l s o  houses the photoelectr ic  t r a n s d u c e r s  

The  port ions of the high resolut ion 

The  top-tube assembly  is housed i n  a 1. 25-inch d i a m e t e r  

The  p o r t s  i n  the outside wal ls  of the top- 

The complete  device including a n  extension m a s t  for  ve r t i ca l  s t e r eograph ic  

p i c tu re s  would weigh l e s s  than 10 pounds. 

17. P a s s i v e  Se i smic  

T h i s  exper iment  is composed of a three-component,long-period s e i s m o m -  

e t e r ,  a shor t -per iod  ve r t i ca l  s e i smomete r ,  a deployment mechanism,and  a 

se l f - leve l ing  sys t em.  

luna r  s e i smic i ty  and information bearing on the Moon's in te rna l  s t r u c t u r e ,  phy- 

s i c a l  p r o p e r t i e s ,  t h e r m a l  h is tory ,  e tc .  A net of these  ins t ruments  would have 

the potent ia l  f o r  providing the same  detail of information fo r  the Moon tha t  ter-  

r e s t r i a l  se i smology has  provided for the E a r t h .  

The exper iment  object ives  a r e  t o  provide knowledge of 

The  in s t rumen t  s y s t e m  fo r  th i s  s e i smic  exper iment  is s i m i l a r  to the one 

The  being developed f o r  the Ea r ly  Apollo Lunar Surface  Experiment  Package .  

s y s t e m  c o n s i s t s  of the following: 

(a) A three-component ,  long-period s e i s m o m e t e r  sys t em with a 

f r e e  resonant  per iod of from 10 t o  15 seconds,equipped with 
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disp lacement  t r a n s d u c e r s  (capacitance type) and a s soc ia t ed  

ampl i f ie rs  t o  give maximum magnification to  one mil l ion 

(sensi t ivi ty  of 25 mil l ivol ts  per mi l l imic ron  of ground d i s -  

placement  ampli tude) .  One component will  m e a s u r e  v e r t i c a l  

d i sp lacement ,  while two components will  m e a s u r e  ho r i zon ta l  

d i sp lacements  that  a r e  perpendicular  t o  e a c h  o the r .  

One shor t -per iod  ve r t i ca l  s e i smomete r  with a f r e e  r e sonan t  

period of about one second. The  in s t rumen t  is  equipped with 

a moving-coil t r ansduce r  and ampl i f i e r s  t o  provide an output 

of 50 mil l ivol ts  p e r  mi l l imicron  of ground d isp lacement  a t  a 

frequency of one cycle  p e r  second. 

Se rvosys t em f o r  leveling the four-component  s y s t e m  t o  within 

about 10 seconds of a r c  of lunar ve r t i ca l .  

will  compensa te  f o r  an  initial o f f - leve l  of plus  o r  minus  5 deg,  

the l a t t e r  being accomplished by a built- in mechanica l  s y s t e m .  

The s y s t e m  will  a l s o  re- level  t he  long-period s e i s m o m e t e r s  

dur ing  the lunar  opera t ing  period. 

automatical ly  and upon command, t o  compensa te  for  d r i f t s  

resu l t ing  f r o m  t h e r m a l  and mechanica l  effects ,  as wel l  as 

changes i n  grav i ty  and tilt. 

A deployment mechan i sm must  lower  the s e i s m o m e t e r  package 

to  the lunar  su r face  s o  that  good coupling is provided and tha t  

the longitudinal axis is within * 2  deg of the  loca l  ve r t i ca l .  

T h i s  s e r v o s y s t e m  

T h e  re - leve l ing  wil l  occu r  

If t he  Moon is  found t o  be se i smica l ly  act ive,  it would be d e s i r a b l e  tha t  

t h i s  expe r imen t  be capable  of operat ing o v e r  extended per iods  of time, 

s e v e r a l  months ,  and be ope ra t ed  as par t  of a luna r  s e i s m i c  net. 

weight of th i s  expe r imen t  is about 3 0  pounds. 

s a y  
The  t o t a l  

18. Luna r  Atmosphere  Exper imen t  

T h e r e  are  no observa t ions  to indicate that  the Moon has  a subs t an t i a l  

a t m o s p h e r e ;  however,  t h e r e  are  reasons f o r  supposing that  a v e r y  tenuous l u n a r  

a t m o s p h e r e  ex i s t s .  Dollfus (Ref. 7), based on the  polar izat ion of s c a t t e r e d  l ight 
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f r o m  the Moon, es tab l i shed  a probable  upper limit fo r  t h i s  a tmosphe re  of 10 -9 

terrestrial a tmosphe res ,  which cor responds  t o  a p a r t i c l e  dens i ty  of approxi-  

ma te ly  10 

have suggested a lower  limit of i U  

t o  a pa r t i c l e  dens i ty  of approximate ly  10 p a r t i c l e s / c m  . 
sent ly  undergoing degass ing  then s u r f a c e  p r e s s u r e s  up t o  10 

poss ib le .  

10 3 p a r t i c l e s / c m  . Occultation s tudies  based on the  e l ec t ron  dens i ty  
- 13 t e r r e s t r i a i  a t rnospi leres  which z o r r e s p c n d s  

5 3 If the Moon is p r e -  
- 7  a tmospheres  are 

Unless  the Moon is a completely inactive body, its a tmosphe re  mus t  in -  

clude those  g a s e s  r e l eased  f r o m  the in t e r io r  as wel l  as those  brought t o  i t s  s u r -  

face  by the s o l a r  wind and me teo r i t e s .  The p r i m o r d i a l  g a s e s  HZ, He, Ne, Ar ,  

Kr ,  Xe, N2, H20 ,  CH4, and NH presumably  a r e  being vented continuously but 

in  unknown quant i t ies .  The  s o l a r  wind adds l a rge  numbers  of H and He a toms.  

At the  same t ime,  it v e r y  effectively sweeps away the heavier  gases by e l a s t i c  

co l l i s ions ,  cha rge  exchange, and by photoionization and photodissociation. T h e  

v e r y  l ight p a r t i c l e s ,  in  cont ras t ,  a r e  lost pr incipal ly  by conventional acquis i t ion 

(in a Maxwellian d is t r ibu t ion)  of velocit ies g r e a t e r  than the e scape  velocity.  

3 

The n a t u r e  of the gases p r e s e n t  a t  the luna r  s u r f a c e  should offer  impor tan t  

4' c lues  t o  the or ig in  of the  a tmosphe re .  

NH3, and o the r  molecules  ( o r  r a d i c a l s )  in c o n t r a s t  to  s imple  a toms  and i n e r t  

g a s e s ,  then  outgassing of the  Moon must  be a n  impor tan t  sou rce .  P resumab ly ,  

the p roduc t s  of nuc lea r  spal la t ion in the su r face  l a y e r s  a r e  a l s o  being r e l eased .  

However,  Ne2' should be re la t ive ly  abundant in the s o l a r  wind, in  con t r a s t  t o  

neon f o r m e d  by nuc lear  spal la t ion (in which all t h r e e  i so topes  a r e  produced i n  

approximate ly  equal  amounts) .  If the  isotopic composi t ion of the gas  shows a 

subs t an t i a l  amount of A r  

t h e s e  i so topes  is 5. 4, which is typical  of p r i m o r d i a l  gas  and of the  E a r t h ' s  a t m o -  

s p h e r e ) ,  and if l i t t le A r  is present ,  then the m a j o r  sou rce  of the a tmosphe re  

would have  been the s o l a r  wind. 

If t h e r e  a r e  cons iderable  amounts  of CH 

36 compared  to Ar38  (that is, i f  the  respec t ive  r a t io  of 

40 

In addi t ion to  the  possibi l i ty  of es t imat ing the  f rac t ion  of the lunar  a t m o -  

s p h e r e  due  t o  the  s o l a r  wind and that  due t o  outgassing,  the r a t e  a t  which the 

l a t t e r  is proceeding  might  be est imated from the propor t ions  of A r  

cont inuously by the decay  of  K 

bution of spal la t ion.  

40 (produced 
40 ) to the p r i m o r d i a l  f rac t ion  a n d / o r  the cont r i -  

F u r t h e r m o r e ,  the p a r t i a l  p r e s s u r e  of wa te r  might be a n  
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impor t an t  clue as to  whether wa te r  is  stored to  any extent a s  i ce  o r  whether  it 

r e m a i n s  at a s teady-state  level  s e t  by the r a t e  of outgassing,  before i t  d i s s i -  

pa t e s  rapidly into space.  

It seems important  that  the Moon's  a tmosphere  should be examined before 

it is  thoroughly contaminated by rocket  exhaust gases ,  as the c h a r a c t e r  of the 

o r ig ina l  g a s e s  should offer some  important  c lues  as to  the or igin of the a tmo-  

s p h e r e .  

m e t r i c  tons  

tamina t ing  exhaust  gases  into th i s  a tmosphere  (Ref,  8). 

s t rong ly  recommended t h a t  on an e a r l y  mission the lunar  a tmosphe re  be exam-  

ined f o r  its neu t r a l  m a s s  spec t rum,  neutral  par t ic le  p r e s s u r e ,  total  ion con- 

cent ra t ion ,  d i rec ted  ion flux, and ion m a s s  spec t rum.  

It is  es t imated  that  the total  lunar a tmosphe r i c  mass is about 100 

and that each Apollo LEM will r e l e a s e  up to  5 m e t r i c  tons of con- 

The re fo re ,  i t  is  

19. Magnetometer  

Th i s  exper iment  will  m e a s u r e  f rom a f ixed-surface location the magnitude 

and d i r ec t ion  of the lunar  magnet ic  f i e l d  and its t i m e  var ia t ions .  

sc ien t i f ic  object ives  a r e :  

va r i a t ion  of any lunar  magnet ic  field;  (b)  t o  es tab l i sh  the or igin of any observed  

magne t i c  field,  i. e . ,  the extent t o  which the magnet ic  field of the Moon is in t r in-  

sic and the  extent to  which i t  is  a n  accumulated in te rp lane tary  field; and (c) to  

s tudy  the  in te rac t ion  between the s o l a r  wind and the Moon. 

The  specif ic  

(a) to  m e a s u r e  the magnitude, d i rec t ion  and time 

T h e  United States  h a s  not made any magnet ic  m e a s u r e m e n t s  in the vicinity 

of the  Moon. However, Russian measu remen t s  on Lunik II and Luna 10 have 

shown tha t  the field n e a r  the Moon is approximately 30 y. 

T h i s  is  substantially l a r g e r  than the in te rp lane tary  field (by a fac tor  of 

approx ima te ly  6 )  but is  consis tent  with theore t ica l  models  that  p red ic t  tha t  the  

Moon wi l l  accumulate  a magnet ic  field f r o m  the magnetized s o l a r  wind. 

ing to  t h i s  view, the incoming interplanetary field l ines  will  pile up on the sun-  

lit s ide  of the  Moon until  t h e i r  magnetic p r e s s u r e ,  combined with the s o l a r  gas  

p r e s s u r e ,  equals  the stagnation p r e s s u r e  of the s o l a r  wind and a standing bow 

shsck will then  resu l t .  

Moon 's  s u r f a c e ,  the r e s t  will  s l ide past  the  Moon ca r ry ing  i r r e g u l a r  magnet ic  

Accord-  

Only a fraction of the s o l a r  p l a s m a  will  then  strike the  
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f ie lds  with it. The stagnation magnetic field wil l  diffuse into the  Moon to  an  

extent that  depends on its e l e c t r i c a l  conductivity and on the c h a r a c t e r  of the 

inte rplane t a r y  magnet ic  f i e  Id. 

The  question of how much, i f  any, of the  observed field i s  due t o  the Moon 

i tself  has  such impor tan t  implicat ions that it m e r i t s  c a r e f u l  study. 

covery  of a n  in t r ins ic  field, e.ven though weak, would indicate  that the Moon s t i l l  

has  a mol ten  core .  

The  d i s -  

The in s t rumen t  p re sen t ly  conceived as sui table  f o r  th i s  lunar  a tmosphe re  

ana lys i s  is a quadrupole m a s s  spec t rometer .  

weigh 12  l b  It r e c o r d s  da t a  in  a 

digi ta l  mode by m a s s  analyzing (a) ions c rea ted  in its ion s o u r c e  through e l ec -  

t r o n  impac t  on neu t r a l  spec ie s ,  and (b )  p r i m a r y  ions t rapped  in  a n  acce le ra t ing  

field with the  ionizing e l ec t ron  source  inhibited. The m a s s  ana lyze r  port ion of 

the in s t rumen t  is en t i re ly  nonmagnetic being composed of super imposed  a c  and 

d c  vol tages  

s p e c t r o m e t e r  i s  accomplished by slaving the ana lyzer  vol tages  to  the a d d r e s s  

r e g i s t e r  of a mult i -channel  s c a l e r  (MCS). Ion pulses  a r r i v i n g  at a n  e l ec t ron  

mul t ip l ie r  de tec tor  a r e  amplified and stored in  the appropr ia te  MCS channels 

accord ing  t o  the i r  m a s s .  

of approximate ly  250 bps i s  des i r ab le .  

The in s t rumen t  i s  expected to  

and consume a maxium of 10 wat t s  of power.  

i m p r e s s e d  on a s e t  of four  pa ra l l e l  rods .  M a s s  scanning of the 

The da ta  i n  the MCS i s  then t e l eme te red .  A data  r a t e  

It would probably be des i r ab le  to add a Redhead o r  T r i g g e r  gage to  th i s  

expe r imen ta l  package fo r  d i r ec t  measu remen t  of the luna r  a tmosphe r i c  p r e s s u r e .  

Both i n s t r u m e n t s  have been flown before. and u s e  1 

wat t  of power.  It would 

be d e s i r a b l e  to do th i s  exper iment  simultaneously f r o m  the su r face  and f r o m  a 

luna r  o r b i t e r .  

look f o r  dawn mer id i an  and o rb i t  effects. 

It would weigh about 5 l b  

The da ta  output is analog and could be kept ve ry  low. 

The exper iment  should have a l ifetime of at l ea s t  one lunation t o  

Alternat ively,  the interplanetary f ie lds  that pile up on the s u b s o l a r  s ide  

of the Moon will  have to be replenished at a ra te  that  depends on  bulk e l e c t r i c a l  

conductivity of the Moon, Es t ima tes  of the  l a t t e r ,  der ived  f r o m  magnet ic  mea- 

s u r e m e n t s ,  would a l so  have impiicatioiia cancerning the Moon's  i n t e r n a l  c o m -  

posi t ion and s t ruc tu re .  
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In addition, th i s  field replenishment ,  s ince  i t  governs  the  extent  t o  which 

the s o l a r  wind can  r each  the su r face ,  will s t rongly  influence: ( 1 )  the rate a t  

which the Moon can accumulate  var ious  consti tuents f r o m  the s o l a r  wind; ( 2 )  

the effect  on the sur face  of a continuous o r  neariy-coniiiiiioils bsrr?hrrrdment by 

the the ene rge t i c  s o l a r  wind protons;  ( 3 )  the amount  of n e u t r a l  hydrogen and 

o the r  gases  r e -emi t t ed  by the su r face  to  f o r m  a tenuous luna r  a t m o s p h e r e ;  and 

(4 )  the influx of energe t ic  e l ec t rons  (acce lera ted  a t  the bow shock)  and the  sub -  

sequent genera t ion  of X-radiat ion when they s t r i k e  the su r face .  

The  in s t rumen t  could be e i the r  a flux gate  o r  low field he l ium m a g n e t o m -  

e t e r ,  

effects .  

m e a s u r i n g  magnet ic  field s t rength  along i t s  axis to  a sens i t iv i ty  of 1 gamma i n  

a n  ambient  field s t rength  of between 1 and 150 gamma. The in s t rumen t  should 

a l s o  be capable  of measur ing  field s t rength fluctuations f r o m  the s t eady- s t a t e  

condition up to  10 cps.  

The l a t t e r  is  preferab le ,  because  it is not as sens i t ive  to  t e m p e r a t u r e  

It should be composed of t h r e e  or thogonal  s e n s o r s  e a c h  capable  of 

The  magnetometer  s e n s o r  should be placed some d is tance  f r o m  the  s p a c e -  

c r a f t  o r  expe r imen t  package, s ay  a t  least  25 feet ,  to  reduce  magnet ic  e f fec ts  

f r o m  the spacec ra f t  o r  o ther  scient i f ic  ins t ruments .  

launch mechan i sm would be idea l  f o r  getting the s e n s o r  away f r o m  the space -  

c ra f t .  

e x t r e m e s  of t e m p e r a t u r e  prevalent  i n  a l una r  cycle .  

A cable  t e t h e r  and sp r ing  

In th i s  mode of operat ion the ins t rument  would be d i r ec t ly  exposed to  the 

T h e  in s t rumen t  including s e n s o r s , .  e l ec t ron ic s ,  launch mechan i sm,  and 

balsa-wood pro tec t ive  sphe re  would weigh about 10 pounds. 

2 0. S o l a r  - Plasma Spec t romete r  

T h e  purpose  of the p l a s m a  probe is to  make  m e a s u r e m e n t s  of the  low- 

e n e r g y  cha rged-pa r t i c l e  environment  of the  lunar  s u r f a c e  and to  a id ,  t he reby ,  

i n  the  in t e rp re t a t ion  of the magnetometer  da t a  by a study of the  in t e rac t ion  of 

the  Moon and the in t e rp l ane ta ry  plasma and t h e i r  magnet ic  f ie lds .  

m e n t  w i l l  be capable of measu r ing  the in t e rp l ane ta ry  cha rged-pa r t i c l e  e n e r g y  

specii-i izl  as a f ~ n c t i o n  of arrival direct ion,  energy,  angular  d i s t ance  f r o m  t h e  
s u b s o l a r  point, and time. 

i n t e r e s t i n g  f r o m  at l e a s t  four  points of view. 

T h e  i n s t r u -  

So la r  p lasma m e a s u r e m e n t s  on the l u n a r  s u r f a c e  are 
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The  na tu re  of the in te rac t ion  of solar p l a s m a  with the Moon is  

a n  intr iguing p rob lem in  bas ic  p l a s m a  physics .  

is d i f fe ren t  f r o m  that  with the  geomagnet ic  field and cannot be 

pred ic ted  theore t ica l ly  with any  cer ta in ty .  Ii is not  cven clear  

at p r e s e n t  whether  o r  how often the  p l a s m a  s t r i k e s  the s u r f a c e  

d i r e c t l y  . 
Information about the  Moon itself may  be obtained, re la t ing  t o  

its e l e c t r i c a l  conductivity, i t s  possibi l i ty  of re ta ining an  a t m o -  

s p h e r e ,  and the possible  effect  of s o l a r  co rpuscu la r  radiat ion 

on  the lunar  su r face  l aye r  by the mechan i sm of sput te r ing  o r  

e le  c t  rical charging.  

The  s t r u c t u r e  and propagation velocity of " s o l a r  s t r e a m s "  and 

" s o l a r  she l l s"  (in the terminology proposed by Chapman) can  

be studied by measu r ing  the t ime in t e rva l s  between the o b s e r -  

vat ions of sudden changes i n  plasma p rope r t i e s  a t  the Moon and 

a t  the Ea r th .  These  in te rva ls  are expected to  be as much  as a 

few minutes  in length, depending upon the re la t ive  posi t ions of 

Sun, Moon, and Ea r th .  

The m e a s u r e m e n t s  may permi t  i n fe rences  as to  the length, 

breadth,  and s t r u c t u r e  of the magnetospher ic  tail of the E a r t h ,  

T h i s  in te rac t ion  

The  in s t rumen t  to  accompl ish  the  above m e a s u r e m e n t s  should have the 

following c h a r a c t e r i s t i c s  : 

(a)  It should have the widest  possible  angular  a p e r t u r e .  

d i r ec t ion  of the incident so la r  wind changes by 180 deg dur ing  a 

luna r  day, and since we have no a p r i o r i  information on the 

magnet ic  field in which the ins t rument  will  be placed, the i n s t r u -  

ment  should have f a i r ly  uniform sensi t ivi ty  to  p a r t i c l e s  a r r i v i n g  

f r o m  anywhere in the upward hemisphe re .  

Since the  

( b )  I t  should dis t inguish c lear ly  between undisturbed s o l a r  wind 

p l a s m a  and p l a sma  that  has t r a v e r s e d  the co l l i s ion less  shock 

( a s suming  that  i t  ex i s t s ]  ahead of the  Moon. Space probe da ta  
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on the E a r t h ' s  shock demonstrate  that  this  differentiation can  

be made  on the basis  of the energy s p e c t r u m  of the pa r t i c l e s  

and the i r  angular  distribution. 

( c )  It should m e a s u r e  the principal p l a s m a  p rope r t i e s  (bulk velocity, 

density,  and t empera tu re )  fo r  both the ion and the e lec t ron  com-  

ponents with reasonable  precis ion and resolution. 

(d)  It should be capable of reg is te r ing  changes in  the p i a sma  p r o p z r -  

t i e s  within a few seconds s o  that t ime  cor re la t ions  with p l a sma  

probes  on E a r t h  satel l i tes  can be made  accura te ly .  

T h e  suggested ins t rument  for  th i s  exper iment  would include s e v e r a l  

"Fa raday-cup"  p l a sma  probes,  pointing in different  d i rec t ions  s o  as to provide 

reasonably  uniform coverage of the ent i re  upward hemisphere .  

would contain a cu r ren t  collector and seve ra l  highly t r anspa ren t  g r ids ,  to  one 

of which ( the modulator  gr id)  a square-wave a c  potential  is applied, a l ternat ing 

between V t v  and V-v. Since charged par t ic les  of the appropriate  polar i ty  hav-  

ing energy-per-unit  charge  (in volts)  between these  two va lues  a r e  a l te rna te ly  

repe l led  and t ransmi t ted ,  the dc potential V de te rmines  the mean ene rgy  m e a -  

s u r e d  and the a c  potential v is  the half-width of the "energy window." A c o m -  

plete  e n e r g y  spec t rum is obtained by successively changing V and v o v e r  the 

r ange  of in t e re s t .  

E a c h  s e n s o r  

When the  flux is  not isotropic,  analysis  of the relat ive amounts  of c u r r e n t  

to the s e v e r a l  p robes  will de te rmine  the m e a n  d i rec t ion  of p l a s m a  flow and a 

m e a s u r e  of the anisotropy. 

21. AC E l e c t r i c  and Magnetic Fields  

T h e  measu remen t  of simultaneous e l e c t r i c  and magnetic field fluctuations 

near the luna r  su r face  is  also of scientific value.  Field and pa r t i c l e  m e a s u r e -  

m e n t s  at the sur face  m a y  actually be made inside the p l a s m a  shea th  assoc ia ted  

wi th  the  n e a r  p re sence  of such a large-scale, e lec t r ica l ly  conducting boundary. 

In  addi t ion to the  new information that  m a y  be obtained, knowledge of the t i m e -  

v a r y i n g  e l e c t r i c  and magnetic f ie lds  may be n e c e s s a r y  to resolve any ambigui t ies ,  

even of a t e m p o r a l  cha rac t e r ,  that may a r i s e  in  the p l a sma  and d c  rrlagrietic-field 
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data .  A sa t i s f ac to ry  in te rpre ta t ion  of these d a t a  may  r e q u i r e  m o r e  of an  unde r -  

standing of the phys ics  of the in te rac t ion  between the shocked s o l a r  wind and the 

luna r  su r face  than can  be obtained without knowledge of the m o r e  rapid t ime-  

varying e l e c t r i c  and magnet ic  f ie lds .  

The  kind of ins t rumenta t ion  that  has been used,  o r  is  planned, for  rnea- 

suremeri ts  n e a r  E a r t h  on sa t e l l i t e s  and in  i n t e rp l ane ta ry  space  should be ade-  

quate fo r  u s e  i n  lunar  explorat ion.  

coi l  s e n s o r  (espec ia l ly  appropr i a t e  a t  f requencies  below x 

s o r t  of re la t ive ly  l a rge ,  a i r - c o r e  loop tha t  could be e rec t ed  o r  unfurled.  

e l e c t r i c  field s e n s o r  could cons is t  of a cyl indrical  antenna o r  of s o m e  configura-  

t ion of s p h e r e s  o r  cages  at  the ends of a nonconducting rod. 

above kinds can all be built at a weight of f r o m  one to a few pounds. 

t r o n i c s  employed a r e  genera l ly  quite s i m i l a r  whether  E o r  B field m e a s u r e m e n t s  

are made.  

s p e c t r u m  ana lyze r ,  that  wil l  m e a s u r e  the s p e c t r a  of the rapid f luctuat ions at a 

low enough t e l e m e t r y  da t a  r a t e  to  be prac t ica l .  The weight and power  f o r  such  

e l ec t ron ic s  a re  typically less than 5 pounds and 2 o r  3 watts .  

The  ac magne tomete r  could ut i i ize  a search 

1000 c p s )  o r  s o m e  

The  

S e n s o r s  of the 

The e l e c -  

They  cons i s t  of ampl i f i e r s  and f i l t e r s ,  v e r y  often in  the  f o r m  of a 

22 .  Ranging Exper iment  

The  object ive of th i s  exper iment  is t o  de t e rmine  the se lenographic  loca -  

t ion of a luna r  landing s i t e  by measur ing  the range between one o r  m o r e  soft-  

landed vehic les  on the Moon and a station on Ea r th .  

of a t  m o s t  5 m e t e r s ,  and preferab ly  1 m e t e r ,  is des i r ab le .  Range m e a s u r e -  

men t s  to  s e v e r a l  Surveyor  landing s i tes ,  that  a r e  so  dis t r ibu ted  tha t  they wil l  

provide a selenodet ic  control  network, are  des i r ab le .  

the luna r  landing s i t e  location will  be readily t ied into any se lenodet ic  cont ro l  

network by reducing measu remen t s  taken f r o m  o r b i t e r  photographs that  contain 

i m a g e s  of  the Surveyor  landing s i te  and  r e f e r e n c e  luna r  l andmarks .  

in  addition to  having a d i r e c t  application to  selenodesy,  lunar  mapping, and 

f u t u r e  mis s ions ,  a r e  expected to  be of g r e a t  value in  the solution of p rob lems  

posed by ce l e s t i a l  mechanics  and geodesy. 

A random range  reso lu t ion  

F r o m  t h e s e  ranging da ta ,  

These  data ,  

S e v e r a l  such  Surveyor  s i t e s  on the Mozr, should  define the phys ica l  l i b r a -  

t ion cons tan ts  p rec i se ly  enough to allow the pred ic t ion  of the phys ica l  l ib ra t ion  
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of the Moon to  one a rc - second  selenocentr ical ly  and should a l s o  provide in fo r -  

mation on the lunar  moment-of-inertia ra t ios  to a n  a c c u r a c y  of about 1 p a r t  p e r  

1000, thus leading to  an improved luna r  physical  e p h e m e r i s .  

physical  ephemer i s  can be used to  prec ise ly  define seienodei ic  zontrc! networks. 

Finally,  t hese  da t a  will  provide a p r e c i s e  check on the va r i ab le  t e r m s  i n  the  

pa ra l l ax  of l una r  theory .  In the pas t  such checks  have been made  only f r o m  

angular  information,  a s  no technique was avai lable  f o r  de te rmining  range .  

i t  has  been shown tha t  the requi red  prec is ion  can  be achieved using the Deep  

Space Network with S-band doppler  and ranging. 

on Lunar  O r b i t e r s  and Surveyor s  continue and the  lunar  e p h e m e r i s  and compu-  

ta t ions a r e  refined, i t  may be p rac t i ca l  to u s e  the  technique also to  d e t e r m i n e  

luna r  d i s tor t ions  and l ibrat ions.  

Such a n  improved  

Now 

A s  the selenodet ic  e x p e r i m e n t s  

Two independent techniques could be used to  provide these  ranging da ta .  

F i r s t ,  rad io  doppler  and ranging techniques as p resen t ly  demonst ra ted  f o r  

Surveyor  and Lunar  O r b i t e r  have precis ion of about 5 m e t e r s .  

ranging in s t rumen t  would a l s o  be used. 

l ea s t  5 m e t e r s  and potentially 1 m e t e r .  

Second, a laser 

Th i s  technique has  a prec is ion  of a t  

Basical ly ,  the equipment  f o r  the radio doppler  is a p a r t  of the Surveyor  

bus. The  equipment  fo r  the l a s e r  ins t rument  would cons is t  of a t r a n s m i t t e r  at 

a n  appropr i a t e  t e r r e s t r i a l  observa tory  and a re f lec tor  a t  the lunar  landing s i t e .  

Tota l  ins t rumenta t ion  on the landed spacec ra f t ,  including the re f lec tor -an tenna ,  

a pointing mechan i sm,  and the mounting,would weigh about 10 pounds. 

23.  D o s i m e t e r  

In  suppor t  of the manned p rogram,  i t  would be des i r ab le  to  fly a n  e x p e r i -  

ment  t o  provide da t a  on the biological hazards  f r o m  ene rge t i c  rad ia t ions  r e s u l t -  

ing f r o m  extended s u r f a c e  miss ions .  A var i e ty  of methods a r e  ava i lab le  f o r  

i n s t rumen t ing  th i s  exper iment ,  but the in s t rumen t  used should (a)  be " t i s sue  

equivalent ,  'I that  i s ,  i t  should provide a d i r e c t  m e a s u r e  of the e n e r g y  tha t  would 

be abso rbed  in human t i s s u e  and (b)  have a dynamic  d o s e - r a t e  range  extending 

f r o m  c o s m i c  r a y  background up to the  dose  r a t e  f r o m  a l a r g e  s o l a r  p ro ton  event  

(pe rhaps  s e v e r a l  hundred r a d j h r ) .  
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I 

A " t i s sue  equivalent ' '  ionization chamber  would be a s imple  in s t rumen t  

It could be fabr icated t o  weigh only about one pound and for t h i s  exper iment .  
I 

I to  consume o d y  a few mil l iwat ts  of power.  
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SECTION IV 

LUNAR ROVING VEHICLE 

A. GENERAL 

One of the mos t  obvious and perhaps m o r e  impor tan t  ro l e s  of the roving 

vehicle  in  the lunar  mis s ion  w i l l  be geological reconnaissance ,  o r  r a the r ,  the 

abi l i ty  to  extend the loca l  measu remen t s  of  Surveyor  o r  Apollo into the s u r -  

rounding area. 

Surveyor  List I1 (Table  2 )  exper iments  with the  addition of a photo-imaging 

device  to  provide the eyes  f o r  navigating and guiding ove r  the lunar  su r face .  

T h i s  payload, however,  is m o r e  sc ience  in t e r m s  of weight, power,  and volume 

than  a 175 pound S L R V  can accommodate .  

f o r  th i s  weight -c lass  vehicle i s  nevertheless  achievable .  

photo- imaging device,  a geosampling device, and a combination X- ray  d i f f rac t -  

o m e t e r - s p e c t r o m e t e r  (Table  5 )  with a total weight of about 3 5  pounds. 

a n  exce l len t  payload f o r  geological reconnaissance,  f o r  it wil l  accomplish a l m o s t  

the same m e a s u r e m e n t s  as a geologist  would during a t r a v e r s e .  

device  wil l  obse rve  the gene ra l  lay-of-the-land, its s t r u c t u r e ,  s t ra t i f icat ion,  

and topographic  f o r m ;  the X- ray  d i f f rac tometer  will  identify m i n e r a l  spec ies .  It 

should be rea l ized  that  a chemica l  basis  alone is  incapable of classifying the 

many  d i v e r s e  products  of rock-forming p r o c e s s e s ;  thus,  chemica l  e l emen ta l  

ana lys i s  expe r imen t s  will  not dist inguish c rys t a l l i ne  rock  f r o m  volcanic g l a s s  o r  

a s h  with t h e  Same chemica l  composition, n o r  a physical  mix ture  of loca l  d e b r i s  

f r o m  a c rys t a l l i ne  rock.  The accepted schemes  of rock classif icat ion a r e  based 

on t ex tu re  (the s i ze ,  shape,  and geometr ica l  re la t ion  of g ra ins  in  a rock)  and 

the  ident i f icat ion of t he  m i n e r a l s  in the rock. F r o m  these  p a r a m e t e r s ,  i n fo r -  

mat ion  r ega rd ing  the na ture ,  geologic his tory,  and or ig in  of the rock may  be 

defined. 

The best  scient i f ic  payload to  accompl ish  this  t a sk  would be the 

A useful  scient i f ic  payload intended 

It  is compr ised  of a 

This  is 

The imaging 

In the event  th i s  much payload weight cannot be allowed, a suggested a l t e r -  

na te  payload would cons i s t  of the photo-imaging device,  a geosampling device,  

and a v e r s i o n  of the  Surveyor  X-ray  d i f f rac tometer .  

If t h e  payload weight of the roving vehicle  should d r o p  below 25 pounds, then 

i t  wi l l  p robably  be n e c e s s a r y  to lower the scient i f ic  object ives  of the mis s ion  
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by foregoing definitive minera logica l  ana lys i s ,  A suggested a l t e r n a t e  payload 

to  accompl ish  e lementa l  chemica l  analysis  would cons i s t  of the  photo- imaging 

device and a combination X- ray  a lpha-sca t te r ing  in s t rumen t .  

of the a l t e rna te  payload would be about LZ pounds. 

could be formed f r o m  the photo-imaging device and a nondispers ive  X - r a y  t ech -  

nique with a to ta l  weight of only 15 pounds. 

cussed  i n  the following subseetiGn. 

The to t a l  weight 

A i d f i k ~ ~ ~ m -  useflu1 payload 

T h e s e  SLRV i n s t r u m e n t s  a r e  d i s -  

B. S L R V  SCIENCE 

1. Photo -Imaging 

The  object ives  of the photo-imaging in s t rumen t  are as follows: 

(a) Prov ide  r ea l - t ime  images  that c a n  be used t o  guide the  roving 

vehicle ; 

( b )  Acqui re  dimensional ly  stable i m a g e s  f r o m  which topographic  

m a p s  can  be made by photogrammetr ic  methods ;  

( c  ) 

(d)  

Provide  r e  connai s s ance -eye,  type -geological in format ion;  

P rov ide  near - f ie ld  information on su r face  s t r u c t u r e  and tex ture ,  

with the  capabi l i ty  to detect  pa r t i c l e  s i z e s  down to a t  l e a s t  1 m m .  

A v a r i e t y  of s e n s o r s  and c a m e r a  s y s t e m s  could pe rhaps  be adapted to  the  

roving vehicle  miss ion;  however,  the selected s y s t e m  should meet the  following 

r e q u i r e m e n t s  which a r e  fe l t  t o  be essent ia l  t o  the  object ives  of the roving vehicle  

mis s ion .  

(a)  A s t e reograph ic  base l ine  of the  camera s y s t e m  of p re fe rab ly  3 

f ee t  but no l e s s  than one foot. The  basel ine m a y  be v e r t i c a l  o r  

horizontal .  

(b)  At each  posi t ion of t he  roving vehicle  f r o m  which a n  image  is  

obtained, a m e a s u r e m e n t  should be t r ansmi t t ed  that  gives  the 

or ien ta t ion  with r e spec t  to the local  ve r t i ca l  within 0. 5 deg ree .  

(c )  The  reso lu t ion  of t he  ilmaging system. should be at  l e a s t  6 minutes  

of arc  at 20-percent  s ine wave r e sponse  o r  be t te r .  
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The  imaging s y s t e m  should be ab le  to scan  in  e levat ion at l e a s t  

40 deg  above and 60 deg below the  hor izonta l  axis of the  SLRV. 

The system sholdd provide images  with at l e a s t  a 36-decibel 

peak-to-peak s igna l - to - rms  noise ra t io ,  fo r  s cene  highlight 

luminences ranging f r o m  25 foot l a m b e r t s  t o  2500 foot l a m b e r t s ;  

a l so , i t  is  des i r ab le  tha t  the  sys t em have a 24-decibel peak-to-  

peak  s igna l - to - rms  noise  ra t io  f o r  opera t ing  in lunar  shadows 

where  the scene  highlight luminences m a y  range  down to  a few 

foot- lamberts .  

The  s y s t e m  should provide f o r  360 deg panoramic  coverage  o r  

coverage  of a se l ec t  s e c t o r .  

The  imaging s y s t e m  should be able  to  dis t inguish at least 13 

g r e y  levels .  

The  to ta l  s y s t e m  weight including spacec ra f t  a t tachments  wil l  

be about 8 pounds. 

2 .  Geos  amDle r / T ransDo rte r 

T h i s  i n s t rumen t  cons i s t s  of a smal l ,  v e r y  lightweight sampl ing  device,  

su i tab le  for luna r  s u r f a c e  and nea r - subsu r face  sampling conditions, and a sim- 

p le  t r a n s p o r t e r  a r r angemen t  f o r  present ing sample  m a t e r i a l  to  a n  a r r a y  of fixed 

ana lys i s  s c i en t i f i c  i n s t rumen t s .  

f o r m  two bas i c  functions: 

Thus,  the g e o s a m p l e r / t r a n s p o r t e r  wil l  p e r -  

(a) 

(b) 

Sample acquis i t ion f r o m  a fixed point under  the roving vehicle  

Sample dis t r ibut ion f r o m  the sample  device to an ana lys i s  point. 

A study of the so i l  p rope r t i e s  of the  luna r  s u r f a c e  as por t rayed  by the 

S u r v e y o r  and the  Luna landing dynamics and expe r imen t s  sugges ts  a g ranu la r  

s u r f a c e  with a bear ing s t r eng th  of perhaps 5 p s i  that  can be per fora ted  without 

a g r e a t  d e a l  of energy  and hard  dril l ing.  

sampling point of view, to  be able to  p ie rce  and acqui re  s o m e  s a m p l e s  f r o m  

con so l idated ma te  rial. 

Never the less ,  it  is des i r ab le ,  f r o m  a 
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A number  of lightweight devices  would be applicable for  th i s  purpose ,  

espec ia l ly  if ha rd - rock  p ie rcement  is  not required.  

r igid he l ica l  conveyor,  with d r i l l  tip, could sa t i s fy  the r equ i r emen t s .  The  

in s t rumen t  would weigh l e s s  than 5 pounds including depioyment mechan i sm and 

sample  chute and t r a y .  It would be capable of sampling the "typical" l una r  so i l  

t o  a depth of perhaps  5 inches.  

t en t  of those ove r  5 O O y  and la rge ly  r e j ec t  those o v e r  1 O O O p ;  below 500p it does 

v e r y  l i t t le  sor t ing .  

m a t e r i a l  and pumice-l ike rock. 

F o r  example,  a so-cal led 

It  s i z e - s o r t s  pa r t i c l e s  s o  as to  d iminish  the con- 

The ins t rument  has  dril l ing capabili ty in  weakly consolidated 

3 .  Combination X-Ray Dif f rac tometer  and Spec t romete r  

T h e  X - r a y  d i f f rac tometer  will  be used to  conduct minera logica l  ana lyses  

of l u n a r  s u r f a c e  m a t e r i a l  acquired a t  a number of fixed points on a roving vehi- 

c le  t r a v e r s e .  The p r i m a r y  objective of this ins t rument  is  to identify the  types 

and re la t ive  abundance of the var ious  c rys ta l l ine  phases  expected to  be p re sen t  

i n  a luna r  s ample .  

qual i ty  to  identify any of the m a j o r  rock-forming and a c c e s s o r y  m i n e r a l s .  

The ins t rument  w i l l  provide diffract ion da ta  of sufficient 

T h e  X - r a y  s p e c t r o m e t e r  will  be used to conduct a n  elemental ana lys i s  of 

l u n a r  s u r f a c e  m a t e r i a l  acquired a t  a number of fixed points on a roving vehicle  

t r a v e r s e .  

i um;  however ,  only those  e l emen t s  f rom sodium through nickel  a re  expected to  

be p r e s e n t  in  sufficient quantity to  allow detection. In genera l ,  the  in s t rumen t  

should be capable  of detecting e lements  with the following l imi t s  of sensi t ivi ty  

(by weight):  

Th i s  mode of analysis  can detect e lements  f r o m  sodium through u ran -  

Element  

Sodium 

Magnesium 

Aluminum 

Silicon 

Sulfur 

Chlor ine 

Limi ts  of Sensi t ivi ty  
% 

0 .  5 

0. 2 

0 .  1 

0.  1 

0. 1 

v. 1 n 
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P o t a s s i u m  

Calc ium 

Ti tan ium 

Chromium 

Manganese 

I ron  

Nickel 

0.  05 

0.  05  

0 .  05 

0 .  0 2  

0 .  0 2  

0.  02 

0 .  02 

T h e  combination of t hese  two ins t rumen t s  r e p r e s e n t s  a powerful tool  

f o r  understanding luna r  geology. It should be used i n  conjunction with the i m a g -  

ing s y s t e m ,  which should be capable  of detecting the  t ex tu ra l  p r o p e r t i e s  of l una r  

material t o  a reso lu t ion  of at least 1 mm. 

T h i s  combination exper iment  will weigh about 20 pounds and wil l  r ece ive  

The  c o m -  its s a m p l e s  f r o m  the previous  experiment  (geosampler / t ransporter) .  

plete  expe r imen t  c a n  be packaged into about 0 . 6  cubic foot, and in  ope ra t ing  

mode,  i t  wi l l  r equ i r e  about 5 wat t s  of power. It should be physical ly  located on 

the  roving vehicle n e a r  the  geos’ampler / t r a n s p o r t e r .  Also,  l una r  s u r f a c e  sample 

m a t e r i a l  should be viewed by the imaging s y s t e m  e i t h e r  before o r  a f t e r  ana lys i s .  

4. Combinat ion X-Ray Spec t rometer  and Alpha-Scattering 

T h e  sc ien t i f ic  objective of th i s  exper iment  is t o  provide a n  i n  s i t u  chemi -  

cal a n a l y s i s  of the lunar  sur face  at a number of fixed points on a roving vehicle  

t r a v e r s e .  The  exper iment  will  provide qual i ta t ive and quantitative informat ion  

on e l e m e n t s  p r e s e n t  as m a j o r  consti tuents ( >  0. 1700) in lunar  su r face  mater ia ls- .  

T h e  usefu l  range of r e sponse  f o r  the  X - r a y  mode extends f r o m  sodium 

through u ran ium.  

to  be p r e s e n t  as m a j o r  const i tuents .  

r ad ia t ion  d e c r e a s e s  with a tomic  number, the sensi t ivi ty  of the method becomes  

p o o r e r  for the  l ighter  e l emen t s .  Exper imenta l  da t a  indicates  the following sen-  

s i t i v i t i e s  f o r  a c c u r a c i e s  of *10 - 20’7’0; down to Z = 24, be t te r  than 1%; t o  Z = 16, 

Only ce r t a in  e lements  f r o m  sodium through nickel  are expected 

Since the  ene rgy  of the c h a r a c t e r i s t i c  X -  

1 - 2%; t o  Z = 13, 2 - 570. 
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In the X - r a y  ana lys i s ,  as a r e s u l t  of t he  inherent  reso lu t ion  l imi ta t ion  

of the de tec tor ,  it is exceedingly difficult to r e so lve  adjacent  a tomic -numbered  

eieriieiiis, such  as Mg and A l .  The u s e  of one to  t h r e e  se lec ted  abso rp t ion  f i l -  

t e r s  o r  opt ical ly  d i spe r s ing  channels  may be requi red  to  ove rcome  t h i s  p r o b i e m .  

The  alpha-  s ca t t e r ing  mode of t he  exper iment  is capable  of analyzing all 

e l emen t s  between boron and calcium (except Ne and A r )  with a sens i t iv i ty  of at 

l e a s t  3 a tomic  percent .  

e l emen t s  between t i tanium and zinc can  be identified only to  within an a t o m i c  

number  of about f 1, those between zinc and s i l v e r  to  within an a tomic  number  

of *3,  e tc .  

The sens i t iv i ty  f o r  ca rbon  is be t te r  than 1 pe rcen t .  The  

F o r  both modes  of the experiment ,  a method of s ample  exci ta t ion is  

A radioact ive alpha s o u r c e  that  would be common to both modes  of needed. 

ana lys i s  is  163 d C m  

200 mi l l i cu r i e s  wil l  be sui table .  

242 (Ta = 6. 11 MeV). A s o u r c e  with an  intensi ty  of 100 - 

F o r  the a lpha-sca t te r ing  mode,  the de t ec to r s  will  cons is t  of s i l i con  semi- 

conductors ,  probably of the diffused-junction type.  Sol id-s ta te  d e t e c t o r s  are 

used  because  of t h e i r  high energy  resolution and efficiency f o r  cha rged-pa r t i c l e  

spec t roscopy .  

T h e  r equ i r emen t s  of the  X - r a y  mode a l s o  ca l l  f o r  a pulse-ampli tude 

energy-dependent  de tec tor .  

m o s t  su i tab le  device fo r  th i s  purpose.  

effective pa th  length, and m a s s  absorpt ion in  the window, a propor t iona l  counter  

c a n  be m a d e  to  respond preferen t ia l ly  over  port ions of the ene rgy  range .  Within 

the  next 2 y e a r s ,  the s ta te -of - the-ar t  of so l id-s ta te  de t ec to r s  m a y  advance su f -  

f ic ient ly  for t h e m  to r ep lace  the proport ional  counter  i n  th i s  application. 

A gas-fi l led propor t iona l  coun te r ( s )  i s  c u r r e n t l y  the  

By varying the f i l l ing gas ,  p r e s s u r e  t o  fill, 

T h e  expe r imen t  will  weigh 14 pounds including a deployment mechan i sm,  

The  and power  r equ i r emen t s  during a n  operat ing mode are  less than 2. 5 wat t s .  

comple te  expe r imen t  can  be packaged into about 0. 5 cubic feet .  

supply s y s t e m  is used  on  the  roving vehicle, this i n s t rumen t  wil l  r equ i r e  shield-  

ing. 

If a n  RTG power 
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In operat ion,  the  ins t rument  excitation s o u r c e  and s e n s o r  mus t  be de -  

ployed to  within a few inches of the  l u n a r  surface and then  r e t r ac t ed  before  the  

roving vehic le  r e s u m e s  its t r a v e r s e .  

5. X - Ray Spec t roscopy 

The  sc ien t i f ic  objective of t h i s  exper iment  is to  provide a n  in s i tu  chemi-  

c a l  ana lys i s  of the luna r  su r face  at  a number of fixed points on a roving vehicle  

t r a v e r s e .  

T h e  sugges ted  in s t rumen t  f o r  t h i s  exper iment  wil l  ut i l ize  nondispers ive  

Nondis - X - r a y  e m i s s i o n  spec t roscopy and a radioactive s o u r c e  for exci ta t ion,  

p e r s i v e  X - r a y  spec t roscopy does not requi re  d i spe r s ing  c r y s t a l s  and defining 

slits f o r  op t ica l  d i scr imina t ion ,  but r a the r  r e l i e s  upon e lec t ronic  techniques.  

Sensi t ivi ty  and a c c u r a c y  are considerably degraded  by abandoning c r y s t a l  d i s  - 
per s ion ;  however ,  the in s t rumen t  becomes m u c h  s i m p l e r  and l igh ter  in weight, 

e spec ia l ly  when a radioact ive exci ta t ion source  is  used.  

T h e  i n s t r u m e n t  is made  up of a n  excitation source ,  a counter  f o r  de t ec -  

t ion,  a s igna l  ampl i f i e r ,  power supply, and deployment  mechanism.  Detect ion 

of the  low-energy X - r a y s  f r o m  the  radiated s a m p l e  of l una r  material wil l  be 

accompl ished  by a gas-f i l led proport ional  counter .  By varying the fi l l ing g a s ,  

p r e s s u r e  of fill, effective path length, and mass absorp t ion  in the window, th i s  

type of d e t e c t o r  c a n  be made  t o  respond se lec t ive ly  o v e r  specified por t ions  of 

the  e m i s s i o n  ene rgy  range.  

f i e r  and then  to  a pulse  height ana lyze r  for ene rgy  d iscr imina t ion .  

T h e  output from the de t ec to r  goes to a s ignal  ampl i -  

T h e  total  weight of this  instrument  including a deployment mechan i sm 

wil l  be about  8 pounds. 

s o r  m u s t  be deployed t o  within a few inches of the  lunar  su r face  and then  r e t r a c t e d  

be fo re  the  roving vehicle r e s u m e s  i t s  t r a v e r s e .  

on the roving vehicle,  th i s  ins t rument  will r equ i r e  shielding. 

m e n t s  a r e  about 4 watts .  

In operation, the in s t rumen t  excitation s o u r c e  and sen -  

If an RTG power supply is used 

Power  r e q u i r e -  
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C. OTHER MISSIONS F O R  S L R V  

The  Apollo sample  r e tu rn  experiment is recognized a s  one of the m o s t  

impor t an t  in the en t i r e  lunar  prograii i ,  2ffordir .g a s  i t  does  the opportunity fo r  

e l abora t e  Ear th-based  investigation of the isotopic composition, chemis t ry ,  

minera logy ,  and physical  s ta te  of the lunar su r face  ma te r i a l .  To extend th i s  

expe r imen t  beyond the Apollo landing locations a p p e a r s  highly des i r ab le .  

fo re ,  a possible  miss ion  fo r  a small rover  is the col lect ion of s amples  along a n  

extended (up to  hundreds of k m )  t r a v e r s e ,  followed by the de l ivery  of the s a m p l e s  

t o  a col lect ion point where they would be returned to  Ea r th ,  p re sumab ly  by an  

Apollo spacecraf t .  

t o  another  o r  f r o m  a Surveyor  to  an  Apollo s i te .  

T h e r e -  

The t r a v e r s e  could be e i the r  f r o m  one Apollo landing point 

T h e  minimum instrumentat ion f o r  th i s  type of mis s ion  would include the 

Th i s  l a t t e r  SLRV imaging  device plus techniques for acquir ing lunar  s amples .  

t a s k  sugges t s  that  two sepa ra t e  sampling modes may  be required - one f o r  

h a r d  rock  m a t e r i a l ,  and another  fo r  sifting the  par t icu la te  m a t e r i a l  that  a p p e a r s  

t o  f o r m  m u c h  of the luna r  sur face .  

In addition to  the geological reconnaissance and sample  collection mis - 
s ions ,  the SLRV can be instrumented to  accomplish a number  of o the r  t a s k s  

within the f r a m e w o r k  of a lunar  exploration p rogram.  F o r  example,  l a t e r  Apollo 

m i s s i o n s  landings in potentially hazardous regions may  call f o r  advance ce r t i f i -  

ca t ion  of sites. 

d a t a  extending o v e r  a much g r e a t e r  a r e a  than  is  possible  with fixed-point vehicles  

s u c h  as Surveyor ,  with higher resolution viewing than can  be reasonably  accom-  

pl ished by o r b i t e r s ,  and with the main  advantage of many tactile m e a s u r e m e n t s  

o v e r  the entire a r e a  of the landing s i te .  

A proper ly  instrumented SLRV could provide site cer t i f icat ion 

T h r e e  sc ien t i f ic  ins t ruments  will be requi red  on an  SLRV to p e r f o r m  the 

s i te -cer t i f ica t ion  mission:  

vehic le  o v e r  the lunar  su r face  and to provide topographic da t a  useful  for  Apollo, 

a n  au tomat i c  pene t romete r  o r  o ther  device f o r  bear ing s t rength  m e a s u r e m e n t s ,  

and a n  inc l inomete r  t o  d i s c e r n  low angle s lopes .  

a photo-imaging device to p e r m i t  guidance of the 
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f r o m  10 f ee t  above the su r face  and lands at  a nominal  velocity of 10 f t / s e c  on 

4 pads ,  each  about 1 m e t e r  in  d i a m e t e r .  

l imi t  the max imum dynamic p r e s s u r e  t o  12 ps i .  

p s i  (assuming the weight is equally dis t r ibuted) .  

The  landing g e a r  shock a b s o r b e r s  

The  s t a t i c  p r e s s u r e  is  0. 3 3  

I F r o m  the  foregoing discussion,  s e v e r a l  effects  c a n  be deduced tha t  wil l  

Apollo site cer t i f ica t ion  requi rements  are  i n  p a r t  der ived  f r o m  the con- I 
f igurat ion and s i z e  of the LM landing vehicle. 

placed about 5 m e t e r s  away f r o m  the cent ra l  vehicle  axis. 

tween the bed of the  LM and the  plane of the pads  is about 60 cm. 

the  vehicle  w e r e  to  s t r i k e  the sur face ,  i t  could cause  a d i s a s t e r .  

Thus ,  the  LM landing pads  are  

The c l e a r a n c e  be- 

~ 

I 

If the Sed of 

I 

be impor t an t  t o  LM, and the re fo re  these  e f fec ts  m u s t  be amenable  to  see ing  and 

ana lys i s .  T h e s e  effects  are: 

(a) P ro tube rances .  The  imaging device  mus t  be capable of see ing  

the  l imit ing c a s e  that  can  cause puncture  o r  bottoming of LM. 

Although LM can  actual ly  c l ea r  a 60 c m  pro tuberance ,  the 

l imit ing c a s e  given i n  the OMSF (Office of Manned Space  F l ight )  

Requi rements  ca l l s  for  identification of 50-cm p ro tube rances .  

Slopes.  The  imaging device m u s t  be capable  of see ing  a s lope  

of 12  deg extending o v e r  an area l a r g e r  than the d imens ions  of 

(b)  

LM. 

l imit ing c a s e  given in the OMSF Requi rements  ca l l s  f o r  i den t i -  

f ication of 12-deg s lopes .  

Although LM can actually land on a 15-deg s lope,  the  

( c )  S lope-Pro tuberances .  The imaging  device must  be capable  of 

seeing the low-angle shor t  basel ine f ea tu res  that  would produce  

pro tuberances  resul t ing in bottoming of LM. A r ight  c i r c u l a r  

cone with base equal  t o  10 m e t e r s  and conical  s u r f a c e  sloping 

a t  approximately 6 deg would produce a 50-cm pro tuberance .  

Thus ,  the  imaging device mus t  be capable of recognizing a 6- 
deg s lope displayed ove r  an a r e a  with a rad ius  of 5 m e t e r s .  
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( d )  Soil Bearing Strength.  The  sensi t ivi ty  of the  so i l  mechanics  

in s t rumen t  should be g rea t e s t  o v e r  the quantitative s u r f a c e  

prsperty range which is  c r i t i ca l  t o  a LM landing. 

The  to ta l  SLRV sc ience  payload to accomplish s i te  cer t i f ica t ion  m e a -  

s u r e m e n t s  would be approximately 15 pounds. This ,  of c o u r s e ,  inc ludes  the 

TV o r  o ther  device f o r  guidance. 

Other  S L R V  miss ions  could include in s t rumen t  emplacement  o r  geophy- 

s i c a l  reconnaissance .  

include a gravi ty  prof i le ,  a magnet ic  survey,  o r  perhaps  an  act ive seismic s u r -  

vey. 

l una r  p r o g r a m ,  however ,  a f t e r  much data  and ana lys i s  has  m o r e  c l e a r l y  de l ine -  

ated o u r  mult iple  working hypotheses.  

Poss ib l e  experiments  f o r  th i s  l a t t e r  type of  m i s s i o n  would 

This  type of mis s ion  will  probably have i t s  g r e a t e s t  meaning later i n  the  

D. INTEGRATED OR KING-SIZE ROVER 

Up to th i s  point the Surveyor  bus h a s  been cons idered  in the ro l e  of  a 

That is ,  conventional in the s e n s e  that  r a t h e r  conventional de l ivery  vehicle.  

m o s t  of the subsys t ems  requi red  f o r  payload suppor t  both in t r a n s i t  and on the  

luna r  s u r f a c e  w e r e  common to  all types of mi s s ions ,  and no allowances w e r e  

made  f o r  s p a c e c r a f t  des ign  to in tegra te  some of these  functions into the off- 

loaded payload. F o r  example,  a Surveyor-Rover  combination has  two s e p a r a t e  

communica t ion  s y s t e m s ,  two s e p a r a t e  e l ec t r i ca l  power sys t ems ,  e t c .  By in t e -  

gra t ing  all of these redundant functions into the  Rover ,  thus making Surveyor  

only a c a r r i e r ,  o r  cons ider ing  an Apollo-transported Rover , i t  i s  l ikely that  the 

roving vehicle  sc ience  payload c a n  be great ly  i n c r e a s e d  (See Table  6 ) t o  include 

the  bas ic  Rover  photo-imaging device,  mos t  of the Surveyor  L i s t  I1 ins t rumen t s ,  

o t h e r  d e s i r a b l e  exper iments ,  and a more  efficient sample-acquis i t ion technique.  

T h e  Surveyor  L i s t  I1 (Table  2 )  ins t ruments  to  be included h e r e  f o r  t he  

Rover  m i s s i o n  of geological reconnaissance are  as follows: 

s o r / t r a n s p o r t e r ,  ( 2 )  X - r a y  spec t romete r ,  (4) pet rographic  mic roscope ,  and 

(5)  g a s  chromatograph .  

(1)  s a m p l e  p r o c e s -  

A g a m m a - r a y  spec t romete r  would be a p rac t i ca l  i n s t rumen t  to  add t o  the 

sc ien t i f ic  payload f o r  a mis s ion  of geological reconnaissance  on t h e s e  l a r g e r  
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I 

roving vehicles .  

wil l  be able  to  de t e rmine  the deg ree  of geochemical  differentiation of the t r a -  

A moderate-sized gamma- ray  s p e c t r o m e t e r  on a roving vehicle  

I v e r s e  to  a n  effective depth of s o m e  10-20 cent imeters .  

be co r re l a t ed  with photographic and o the r  geophysical observa t ions  as  wei i  a s  

with broad su rvey  radioactivity measu remen t s  f r o m  orbi t ing spacecraf t .  

g a m m a - r a y  spec t romete r  will  indicate promising locations fo r  dr i l l ing and s a m -  

p le  acquis i t ion based on measu red  var ia t ions i n  the n e a r  s u r f a c e  composition, 

desp i t e  any  appearance  of homogeneity at the sur face .  

a n  X- ray  spec t romete r ,  the two s y s t e m s  w i l l  provide a s e p a r a t e  su r face  and 

Observed var ia t ions  can  i 
A 

i 
Used in  conjunction with 

I s ubsu r face  ana lys i s .  

The  g a m m a - r a y  de tec tor  will be a scinti l lat ion c r y s t a l  of sodium iodide 

coupled to  a photomultiplier tube. 

the inorganic  c r y s t a l  fo r  the purpose of eliminating an  unwanted r e sponse  t o  the 

cha rged  pa r t i c l e  flux. After  suitable shaping and amplification, the analog out- 

put s igna l  f r o m  the photomultiplier is digitized and s tored  i n  a memory .  

contents  of th i s  m e m o r y  will be read out periodically and t r ansmi t t ed  back to  the 

spacec ra f t  for  r e l ay  to  Ear th .  

a nondispers ive  X- ray  spec t romete r ,  i f  the mis s ion  profile pe rmi t s .  Allowing 

for  a 3 x 3-inch c r y s t a l  of NaI, the total  weight of the ins t rument  will be 1 2  to  14 

l b  and 6 to 7 lb  i f  nondispers ive spectroscopy is included on a t ime-sha r ing  basis .  

P o w e r  r equ i r emen t s  will  be about 4 watts f o r  a complete  ins t rument  and 1 to 2 

wa t t s  for  the de tec tor  and i t s  associated e lec t ronics .  The g a m m a - r a y  de tec to r  

should be deployed away f r o m  the main  m a s s  of the roving vehicle at a height of 

0. 5 to 2 f ee t  above sur face .  

of radioact ivi ty .  

A shell  of p las t ic  scint i l la tor  will  sur round 

I 
I 
I 
I 

The  
I 

Much of the e lec t ronics  can  be t ime-sha red  with 

I 

I 

I 

I 

I 
, The vehicle m u s t  be c lean  of in te r fe r ing  s o u r c e s  

An RTG power supply will make  the exper iment  imposs ib le .  

It is a l s o  des i r ab le  that a hard-rock d r i l l  technique be used f o r  s ample  

acquis i t ion  on th i s  miss ion .  

w i l l  find hard-ground outcrops,  flows, o r  perhaps  l a rge  p ieces  of consolidated 

e j e c t a ,  and it would be v e r y  des i r ab le  to analyze the minera logy  and petrology 

This  i s  because of the probabili ty that  the Rover  

1 of t h i s  type of ma te r i a l .  

Under development  is  a small, low-powered r o t a r y  impact  sampling d r i l l  

which  wil l  produce the  fragmented rock powder requi red  by the analyt ical  i n s t r a -  

ments from rock  as h a r d  as dense  basalt. Since the d r i l l  is  not a n  efficient 
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sampling device in  highly ves icu lar  rock  and some  under  dense  par t icu la tes ,  

a t tempts  will  be made  to incorpora te  into this  d r i l l  a par t icu la te  acquis i t ion 

device.  Should th i s  not prove feasible,  two s a m p l e r s ,  a dr i l l ,  and a par t icu la te  

s a m p l e r  may  be proposed fo r  the Integrated Rover .  In h a r d  rock iiie d ~ i l l  W O U ! ~  

r equ i r e  about 20  minutes  to produce samples  fo r  all the in s t rumen t s ,  u s e  about 

100 wat ts  peak power,  have a depth capability of about a foot, and weigh approxi -  

mate ly  10 pounds. The par t iculate  sampler  would acquire and t r a n s p o r t  s a m p l e s  

in  l e s s  than five minutes ,  d raw about 25  w a t t s  of power,  and weigh approximate ly  

7 pounds . 

I 

I 
I 
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SECTION V 

ROUGH-LANDED PROBES 

A. G E N E R A L  

Rugged ins t rumen t s  could be ca r r i ed  i n  a hard  lander  probe  compie te iy  

enclosed in a shock absorbing ma te r i a l ,  such as ba lsa  wood, de l ivered  t o  

the lunar  su r face  in  mode s i m i l a r  t o  that  planned f o r  the Ranger  Block I1 mis- 

s ions ,  and later studied as a p a r t  of the  Lunar Survey P r o b e  concept.  Impact  

f o r c e s  on the o r d e r  of a few hundred Ea r th  "g" could be experienced by the p robe  

in this  mode of de l ivery ;  thus,  mos t  of the p robe  weight would provide the neces -  

s a r y  shock-absorbing m a t e r i a l  to protect  the scient i f ic  ins t ruments .  Another 

mode of de l ive ry  i s  to  use  a Surveyor-type spacec ra f t  to  give an a lmos t  soft-  

landed probe.  However,  i t  i s  impor tan t  to r ea l i ze  that,  r e g a r d l e s s  of the s e l e c -  

ted mode of de l ivery ,  the  m o s t  useful  miss ion  of the  rough-landed p r o b e s  wil l  

probably be one of geological reconnaissance of the rougher  hard- to- land a r e a s  

of the Moon. 

T h e  landed probe will  r equ i r e  some method of e rec t ing  and s tab i l iz ing;  

a l s o ,  the in s t rumen t  s e n s o r s  will  require  a c c e s s  t o  the  lunar  envi ronment .  

B. SCIENTIFIC INSTRUMENTS 

The  sc ien t i f ic  i n s t rumen t s  that  a re  bes t  suited f o r  the rough-landed p r o b e  

m i s s i o n  of geological reconnaissance  (See Table  7 )  are  d iscussed  i n  the follow- 

ing p a r a g r a p h s .  

1. F a c s i m i l e  C a m e r a  

T h i s  i n s t rumen t  would provide high- resolut ion p ic tures  of the landing s i t e ,  

and it is d e s i r a b l e  tha t  i t  have panoramic,  s te reographic ,  and c o l o r i m e t r i c  capa -  

bility. T h e  pa ra l l ax  needed for s t e r e o  e f f ec t  is bes t  produced by r a i s i n g  o r  low- 

e r i n g  the top-tube a s sembly  to  give a ver t ica l  s t e r eo .  

s i m p l e s t  and m o s t  rugged design and w i i i  give sa t i s f ac to ry  r e su l t s .  

Su rveyor  Ins t rumen t  16 in Table  2. ) 

This  a p p e a r s  t o  be the  

(See 
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2 .  Hard-Rock Dr i l l  

It i s  des i r ab le  to  have a ha rd - rock  d r i l l  technique fo r  s ample  acquis i t ion 

on th i s  miss ion .  

f ac to ry ;  however,  it  may be necessa ry  to  r e s t r i c t  the dr i l l ing depth to  only a few 

inches  because of packaging requi rements .  

The driii d i scussed  for the Integrated R-over would be s a t i s -  

(See Ins t rument  L in  Table  6. ) 

3 .  SamDle P r o c e  s s o r / T ransDo r t e  r 

T h i s  ins t rument  would rece ive  samples  o f ' l u n a r  m a t e r i a l  f r o m  the ha rd -  

r o c k  d r i l l  and i t  would have the function of both p repa r ing  and dis t r ibut ing th i s  

s ample  m a t e r i a l  t o  the  fixed-analysis ins t ruments .  (See Surveyor  Ins t rument  

10 i n  Table  2. ) 

4. X - r a y  Diff rac tomete  r 

T h i s  is one of the f ixed-analysis  i n s t rumen t s ;  i t s  specif ic  objective 

is t o  identify the types and relat ive abundance of c rys ta l l ine  phases  p r e s e n t  in 

the  s a m p l e s  of lunar  ma te r i a l .  (See Surveyor  Ins t rumen t  1 1  in Table  2. ) 

5. X - r a y  Spec t romete r  

T h i s  is one of the f ixed-analysis  i n s t rumen t s ;  i t s  specif ic  objective 

is t o  provide  information on the elemental  composi t ion of  s amples  of lunar  

m a t e r i a l .  (See Surveyor  Ins t rument  12 in Table  2. ) 

6. Pe t rog raph ic  Micro scope 

T h i s  is one of the fixed-analysis i n s t rumen t s ;  its o b j e c t i v e s a r e  the 

ident i f icat ion of lunar  rock  types and minera ls ,  detection of glass and e s t ima te  

of i t s  composi t ion,  de te rmina t ion  of the t ex tu ra l  p rope r t i e s  of rocks  and pa r t i cu -  

late s u r f a c e  m a t e r i a l ,  and identification of m i n e r a l s  p re sen t  in only s m a l l  

amounts .  (See Surveyor  Instrument  13 in Table  2. ) 

7. G a s  Chromatograph  

This  i s  one of the f ixed-analysis  i n s t rumen t s ;  its objective is to  p r o -  

v ide  a n  ana lys i s  of the  volat i le  consti tuents in  the  sample  m a t e r i a l .  
S u r v e y o r  Ins t rumen t  14 in  Table 2.  ) 

(See 
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It  has  not been shown that  all of these in s t rumen t s  could be packaged t o  

surv ive  rough-a rea  landings,  but they a r e  the in s t rumen t s  m o s t  l ikely t o  be 

useable i n  th i s  mode, and they would provide impor tan t  information on the o the r -  

wise  inaccess ib le  regions of the Moon. 
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